io j-^Jl I ^ ^1*1) y^yd I J^s* dill I aIj^Lo 


oy 


(jajif\ + pt g mil 


JjiiuJI f0*]| 







(j_c Sj_u 


(j-J^l 4_*_^Lj>- C 4jL^_)!j I ^ j_L_P 4—^_L5) ^_Owwl_> (l)l_>j J j_Jl 

(*L^>- jJ j»^>cJl) ‘Lw^j'yi j> j_L*Jl c-3 CO > jZS^l LJl 

_ 1991) 0 jj_Jw« ^3 ^ j_L*J Lijl5 .Ojj_^_L« 4_*_>jL^>- ^3 

( J«3 ( /ys L)15 .(1991 _ 1985) J~*15j-o 4 ^jI>- ^3 ^-w*3 (2005 

4-*~aL >-j L jJuj j-o 4_*^L>“J t JJwL*_jJ j-o 4_*^L>- ^j-vOjJJ 4JL^& ^3 1 j-yg-P 

4_jL5 j_& I j»&j . L^>- jJ j-^>cJl ^3 Lwo-Lp Ld>o 120 j^S 1 j_do jJ j . jSLa 

C (( 4 JUI JU ^JL5JI» ! <^sS Cj~*J ^ IS 6 ljlSLj (5^-^ 

. Wl 5^5 J C ^Lji^ ^>eJl ^jjIj ! 1 

4_^>- jJ 4^*_^>tJ|) c—5*!)Lj w ^ 0 j-3 j—J ® o^_j L>c_j ^ow5_> jLi 

A-JlJdwoj t (jJ_>j jL_*> j»jJ 4»5LLoJl 4 ^*_oj>cJ|) ijj*)LS" a5IwL^j t(*LoL>J'yi 

>L^sj (l)3L*_^J|j j_&j>c_L) 4_^v^*ij_^J|) j_)j_5 

4^*_oj>cJ| ^3 c_3j.yg-Pj t 4_^*i<L_>-jJjd^xJl ^jUJ 4»Jl4»wo-Ol5*)Aj 

1995 ^»l_P ^3 . (JJjJ ^3 4_^>- ^-»w>s-Jl 
^j-5ljJww«® 4 _L>c_^J LjjI^J Ij jj>c_^3 (1)15 .4_>j_LoJl <J|j_^J| L&j_*_j ^L*_U 

‘“lS- 5 ci^ (( lS' or-d' 1 ’ o-^jj (< Lo jj-j.i 

Cd->C_J| ^-vwL>C^ ^3 4^ygj % yi ^LJl AS’-Jk ^.yg-P t (^3 ^^L*J>-^J^-^>cJ| 

jJl 4^jLp <2->Jj>do .dd>lo^L*J ^Jl 

L>- ^5d_y^l 9 l J jJgjJ'j *Ly2_^jJl ^3 L>jj3j ^ ^J-xJl ( /^P (1) 




L55jjj) ^i_)3 ^J55Ls o^jL>-j t I l 5^5 jlJ ^L5U wLSvjj^j)) 

jLJl cdJ (o^/l 

_ cLLjJl |t«4>“Ld>j 4juwL« ^3 ajLo- Ij-^5 I ^y>~ ^owwl_> j j_^3j^ g.yg-^1 

43 (1)1 ^JJgJd ^5 J j_j)) ^3 4-ygJsJi — jJl 
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0 ^3 .4-aLo»p| t^LlJl ( /^s ^>c-y2 *Jj>- ‘“-'^ L>c-oJ I 

djj^)) iSVy ^3 j ((^^LLN)) ^3 L^jJ^JJ jS^ J^.Lp 
c(Ivanhoe Australia) ^ 4-Sj-^J j%J t(( J^ cr>Jj- 1 . 

Kc—jIj-oJu# CwLjJ_^- j-Sjj-i' j c (Kefi Minerals)j 

^ ^-3 ‘^•wOw^ L*«*wO»J I^jJLaJ (P0 4 ) 3 (OH) 3 ZnFe 4 <u—l ^Jlp (Plimerite) 

• j J^^tSvjl ^3 <—'jjj ^ COl^ ^C-ol ^-Ljl^J ^ J ^*J W 
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CjLj ^bfc . qJl 


13 . 

15 Lo4JLo ! J./aall 

16 . £LJl 

19 . Jljj\s]\j j-L~—£3 

21 . £_LJl jJlp 

26 . ^y 1 bU 

33 . 

38 . ( _^Jl_pxJl I iijs- 

39 . jjJij 

43 ^jjli ! ^J. /aal l 

46 . o 

50 . jJ>S\ jl 

53 . j^Sfl j-JGl JUa*dl 

56 . J^jsxjJl 

80 . (^450_j*>LJI JJ 250)^Uj^l I 


7 


















82 . ( ( ..j 900_535)LJJiJl JJ ^Jl 

86 . ((.1300.900) J^jJl j\j^\ 

98 . ((.1850- 1280) ^JwaJl 

117 . Jl 1850) ^L*Jl j j2i\ 

119 . JJ ^L^laJl 4_y2jaJ' 


135 

136 

137 
141 
143 
146 
150 

155 

156 
159 
162 
167 
173 
177 
191 




<ojjjj aJ y>^> t oLotil oLJL>- 


. 

. LJjUl glsll ol 5 

. 

. Aj yyJ* OL 

. 

I ^ ^ 3 ^ I c_-Uu Aj^^ c -^mJI o^S” 


CjUIa-o^I 


. ^I 

.... LoU d-ollll (j| ! ^-Pjj A>j J_v^ 

. LgjLoJ>- ^3 djl-A 

ojlc Jjj^SsJl j t *L>Jl 


^ 1 a^j 1A3 


^LwoJl j 
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197 Sfl : ^1 j}\ w UaJI 

199 . JUsUJl 

233 . ^1 UA’' 

264 . 1 j-^I,_ y^SsJl jl 

269 . y>waJl 

280 . uc 5 '^' 

287 . oljUJl 

299 . JjVjJlj <• JLUJl 

304 . <u jOj jIjxaI 

313 . JlU4 : 

314 . jlUJI 

317 . 

323 . Jjj 

340 . (dJL^jSM) JL-lJl 

353 . (JJL^/lS'O ^ s^kai' 

371 . iw-JSfI <Lojl 

378 . 

385 oLil : j-oLJl w LaiJl 

387 . oLJl 

390 . j~£>\ jli jlsi\ 
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392 

419 

436 

445 

459 

472 

474 


. 

. <LjL>- y* Jl jJPxJl 

. 4-w2^>cJl CJ Ua^x^J' 

. Ojl^>- 

. y~j cJ j 

. *Ul OJJ^ 


All 

479 

491 

536 

536 

559 

564 


. : 

y>d\ ( j^Lsj>~ S ^ I) 4JU3jJl 1 

. ojl-^Li 

. I ^ l»> 

. o ojj^ 

. . ^jP*-\ <£*35 CjIjIp j cjl^-woJl 

. f-fc*- 51 


567 . Ulj : 

567 . • 4j 1 l i 1... JI -k~ 

575 . j»jJjJl jIoj^ 

580 . jJjJl J->- <u*j 

585 . l _ ? Jl*JI ^L^-Vl 

590 . L _ ? Ji*Jl ry^S' 


2jUl J./aall 
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594 

602 

613 

614 
635 

641 

645 

647 

649 


A-O j3 Ajl^Jl 


jLjj j ]\ j C AlJl 


yj^ ^j^yjy. 


^ 1 l_S t ti k 

. ?IiLl>c^j cj^ jJ bU 


- Li.J* '■ 


yC]\ 

Ob*ciJx^2il dx-J 
C^b*gii^«/a.ll d».J 

. 
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ft jJUu 


djljL Xflltl < dlaAoJ 

4lll Jllc dJUUJt 3jJL-4 


cjI^ oNL^c-a ^3 LajULoI 1 dL~d~J 1 od^J ^Jii d)l ^_-wJgj 

^_ojdJ L-^L*I LS” jJ>c^a 4_3*L^3 Cl^-c_w^l j-y2-P ^3 ^_>^_*Jl ^jUldJ 4_>^J^1 

ciUwoJl 4 JoJ_>j (1)jL*jJL 4 _LwvJ—wsJ| od_A Lj j t ^^jJLlJlj ^3Ly?JL3^ 1 

3J-P <LwJj jUaJ ^3 ^JLj C ^dJ <Loj_*Jl ‘loJaJ-oJ 1J 4-jJcJl J ^^d*JJ ^oJ^Jl wL^P 


«* L^ Ls^-sJ I 


dr" 


! LgJwaj <• ^ ^i-*Jlj *Luj-*d aAUL ^dl oL/j^ dlj 

_a1428 ^j^L) j}\ ^3 JJL*_C»Jl ^*Jl 4_^jlJl ^^IcJ-xJl (jLwJl ! Vjl 

o_>c-Jl *l*J ^a I)l)1j cdj^*Jl 4_*dJL> ^LoJlaVI ojj ^*^2 wLS"j_> ^dJl ^2007 
^3 4»o^*Jl 4_*dJl j j^J?j>- <_JjJ>-j) ! ^d> La ^1_P ^aj 0*>Lal^Jlj ^od*Jl 

.(La yS'j Co^o)/lj c^tdp^/lj tJL^ j^I ( JjLw*>j L*o c^jo^LvoJl £^oj>- 

^Jl 4-0 j_*_*dl <Lo ^*Jl ^SLLowoJl ^3 ^ 4_jJld \j ^ ^d*dJ AcJa jJl <U^»Lw~JU ! Lolo 

t^L*Jl^ (J jjZ**S\J toLwodl . ^A t L^>c»ol A^SJoj o.iLoCpl L^CP ^JLol 
4 .jJL>j <. djj_o>eJl acJLJIj t( jjLJI) j^-v^Jl ^l^aL-CoJI oLjJLJIj t oLoLw<>-»d"j^cJlj 
C (1)1 j-JgJl J g-Lyg—fl-Il J C OLo J-ya.ll J oNUl^Ij oU Jr ^J)l_, c do da^d_*_^d 1 

.ACwJlj C dajjlCoJl ^Ij^oJlj (. dsU 2 Jlj 

^3 fL>- La Lyfflol ( jd_£j ^Jl <Ul J-^P dJUl Oj^L^a ! ICJlo 

<r \’ CL_^>- C CC-jjJLj^/1 ^_3 4-uj_*Jl 4_*_Ul j^j_P ^jl wLcJl 

J_>^_*Jl J-^P dLLoJl dcJ-a La wLaJC ^dl ^jjLdwodl ^»a ^J-P ^-*Jl jJL>c_^>Jl 

od-A .L^a>-jL>“j dSLLow^Jl ^Jj>-l3 *LdLc>c-a doL^- ^ djl^JL ^lcaxJI j ^ ^d^JJ 
^Lp A^dlj (_5^* ^^^1 ^-*-^1 (_£^Ca-c^oJ 1 AC>-3jj (J^d*Co La ^jLdwoJl 
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Low* c ^two-L^Jl c <LaL^Jl a^j>- j^L*jl> La Lg_La j <. c-o aSL^j< 

4_*_Ul {£oUJJl ^j-a A^j>- ^JL> ^-<*-L*Jl j_la*c_^Jl <r \jjJ ^^_Lp ^-^L^o 

.J»ota ^jd\ IS J^' A-oj^Jl 

A-w*»Lww»Jl® LgJ 3wXa- ^\ oLjJLJl ^y* ^3 <^sS Aj*^\j ^Lp aI^JuJI 

LwoJLp L*j>-j-° JjVI i)ySLj <l^J>x-} ^JLSvJ! CP. W<LjJLJlj ^ j_UJJ ^LjJ^ jJl 
Lgj>- j^a LaLp LLiS" t^LJlxJlj <. L*-aL>- LLxS' ^>LiJl OySyj <. a^JLJI clLlJ ^3 Uj j*~a 

C ^»^Lp^ »j *. S* I jl -L^-l j <_jLlS" dU^ J_3j c ^j-woJLg-oJl aJsLp ^Jl 

0aJMJ <apj^>j>c^s La ^Lp 4_a jJLloJI j 4^_>c^j|^I oLjJLlII <—*sS A_L^Jww*« 

a^JLJIj 4_woJ_xJl cpL>JlJ a-ya^JJ 3 jjc^» ^3L2>j >LlS" ^>- Lo^S” c Loj>- jjLa LjLxS" 

. ^JJg.yg-.oJJ ^>^>5 aJ-*^L*aJ| 0*L& ^3 0wLo3lx^)Jl 

oL^-al ( j-a ^_pLlSD| i)jSy L)i Lg_La C J^3J e-lJLol iS ‘-^-aJj 

^Lp J-*_i jwLs^j J_i t LwoJLp J-^_aXo c 4_jJLl)I dii-> ^3 iSLJl 

(1)L)ij t oij-b*t» Aji3 ^JaL>&j C-*-P>cj 1 Oj£j *)I oij c2000 

( /^P <LoJ>- J^a Q-~~J j ^>L5Gl l$j t._ill 1 4^UL Aj j^$La L^P ^>-^u I Aa*e-w*jJl 

^3 ^yflJ LoLwJgJ LA^>-P 4 j>c_^JJ ^j-s 45 j-a Q (j I | ^J>-lj ^>-1 A_*J 

c)^L>- ( /^-a Aj^I^.ZS*)} 1 *L^JjJ| 4 ^Lo-P ^3 ^-^LaaOJ CjLSLo^Ij 3^^“ 

^3j^oJl oLj 

A_P^^J>c^>Jl oSjs jjJ, yg-j 0-L_*-^ 4»J^J|j ^jLJJ J-^P clLLoJl AJuJ-a <jl 

L^jJ Ju 2 j_g_>cJ! A^o^- jJlU A»o‘L oJg-L-oJ' cl)i ^ •«— ( j-a 

^^J-P-J C ^1 jjj>c]\j j-oJlj A_o^s-^J| ^3 aJIjJI 03jJ>cJ l 


4_L>c_Ul ^_^aai| Lo-S" t jL>bjNI A_P^-A«a ^J-P J 


' cry 




L^_j ULo I 


4_^>Ja_LoJl ^3 LftjL>c_>! ^^J-P v_ jlL^_> Ja-oi A_P 

0j^L-a ^jC J (Jj^oLo ( j_)jjI A_J^JIj ^jUJ J_*Jl wi^P diLJl A^jJ-a ^3 cy^j 

. 4 JJ 1 d-U-Jl 


-a 1431 /3 /20 ^LjJl 

‘Ujuillj p jIaU y>y .«Jt x»P cilL«Jl iijJU ^j~>j 

I% »» a'| 


14 







4jjia-> jJ^_> (J^ 5 <• 4Jo3 oj-^ AJuJl jjgJo 4 '-^>J ^ 4 a1?1*JIj 

^Jw^ISoj ^o»1p *—’L-vj^S"! (1)jJjL>^ c ^liU d)j<. 4_oLv2^3 s yI ^IjjJL 4JlJ| 

jLjip'yL oj_>-T ^j^j^K} 4_L«LS" ojiaj aJ-sL^LoJI ojJajJl .4_LwJl ^jS' 

OA>J j-&ljJaJlj c j jj>c-sa!Ij c oLk^Jl j c AjJ-Jj>cJ| ^jI^^.11 j tol^j>cJl 

^Jl jiajl •*—I5_& ^3 oUjU~ Ls lJ_&j .\^S j5 ^3 jJjpj ^jli>- 

i(ojUNl) i^rjJ^jVlj ^ £LuJl 

oL^oj <J*^->“ l^-o ^3 OlC^j^sjJb Lj>-jJJ^L aJoj .3 

.4JL^I A^>-jl !^\ <1)1 J . LL^S"j5" 

jjy> <-JlSJ ^g.yg-^3 (^5J| ^IjwoJ' ^P ^c_?jLJl 4 j ljj^J>c_> U>-P |j-& ^3 jJau! 

Jw2^iJl ^3 .^IjwoJl ^^_Lp c c ^JcJij c ^vw<>-*iJl 

4_>^jlj3\Jlj ^>C-Jl jSL^a j^xjj CAjjJLw*Jl ^IjwoJl 01 j*-AJ cl)} 

jt-^3 iLoJa^J Nj .l^o^3 LoJjj t aJLw«J>- 4o-lS" CJjJlj ^^JlP 

^w\J l^j_ .dU-flJl oLJlpj L^_1w^-*JL^o ^)l)I 0 ^->-<-^Jl ^iwLP*yi 

jLj^I ^Xs*j ^jjLJl L* Ij^lJj .L^>-j-^>cJl ^j_p <lLjLv2 43 t j^ljJl 

c Low>j^ c iii^ i .<Lo<-^JaJ \ ^->-^-^>cji <^ji wVj>- l_> 

.^L_oJl CjIoL^I-Aj ^3 4J-cjjUlJ 4^>- j^Sj^Ij 4^>“jJj-^>cJl oUUl 

<4^3 1 j_Aj C ^1 JgJL*»u ( ^2j'j}\ ( J--_AlLwvw« ^3 ^jlj^Jl iSjJ <1)1 


15 



c ^->153^31 (1)1 y^\ ^_jjL> L3 j-w^j .4 _JL_aj3I ^J^3_9 

t 03jL> A)-4j! ^3 ^Jj>cO £j>c_i*oJl o31a>cJ|j l j-o3lj t t ^P LoJc>- *)} I 

.Zzi b iwojl ^ ^Lvaxi^/Ij oL>Jl yojJ Lj-j 

j-v 2 _P ^ L3L>- j-kj • J*5b j-£3 .^^SwsllO j5 cl)J 

.c^L>- ^Ip cl)j-3-« 37 -b>j Ijl» ^-uU- 


£hil 

^Ja-^ ^^JLwv^j oLS'j .Uob c j^aj ^3 ^-Lwo3l <1)15 

d)|j .j! j^asJ oLocJLs aj-l3j>&JI ^jLw2JI ^jIj ^*ob jj>c-Jl 

o! j^aj Lol . jjhzaj ^SwjL- 0 I j5 d)} Lob oLj>cJI 

|t-3 cl)j t c_ 5 ^"^3 j-^>c5 jJa_L) c ULb cl)^51 c-J3 y-^J . A-J>l yt+S* y Ajjj 3 c_5"^ ^L)wo3l 

^-Lwo3l ^3 cl)b*u^M C>j^aj La ^_£j-a j-& Lo-9 j-P ^^J-P 4-oJ 

A*o<Ux^la.ll 3J»~LwoJl ol^.*31 f- yj? ^3 UL>- 


oL^ cl)^53 . L^_*o j 5* cbLpj^ 4 L^w^~JL)I A3UaJ 1 c_J*»I I ^Loj ^ 

^L)-*3l y-y IA-w>- Jfljlj-lJl j*-PjJl J^-Lpj .bJ3S <1 )jJ-j jVI ^^-L-P 

t ^Lp ^S" ^»3 -3 *3 ^ ^ ^-Lp 1 —%^o33 J ^^e-ob »»»3 I L>o ^~o t i ^*»*wo—*.*31 Ja Lb-3 I ^ 

C->LJoo-*JI ‘LoJg.^a ^jJl t (CO 2 — cl) y J™b! ^jlo) ^j! 4-bl jl_P 

^jU £^y*J> coa y *s 4jloJ| ^3 0.001 J->3l ^3 (1)^jj5sJl J-ww^l ^^3 .A^^wJaJl 

t Aj^lllj c e-lj-gJlj c j^^,il ^jJa-wKj t oUa^>c^Jl ^3 Jjj^SsJI wU^S”! 

.oL>Jlj 

^ ^ 3 Aj w\»3^cJ I (_^"^” ^^2^3^ I A^31 wXJ I c —^ I ^ y*~-*Aj 1—01 P^ 

.A^JaJjJl (jialjwoJl ^3 (^lo -UJlpJI ( jj9 j|j-^3 4-o^i C ^JL>cJ| ^jJl>J| J^LA Jl 

c ^y>-y Jj-^>Jl cl/ 4 -^^ cl/ 0 cl/° (J^ c_ 5 ^ ^J^ 9 wUl>Jl cl) 15 Jla] 

e-LoJl oL5j c ^3' (^s- 3 c_5^“p ®W->=3^j 

iw^S"^5 c SyS cl)}j AXxJl ^3 90 AJuia ^Lp j~* 


oLJl oLo>- j->J .ioLf- (^J-^"’ jAt -^I y^~~ vO> .‘UJ-Jji-l L» ‘LXjljJl 0 j_& j (l ) 

oljliJl oJ-gJ 0^1 5o> b <LoJ5^ j i-_9j-*-“J .jJji-l ^jLao? ^»o>o>- ^jAA>Cj^j lg.'..]gl y» ijl y*^-\j 

.k^\ jJl 
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U5 .‘CL^wJg-i jL>-j 

^3 O^jJJ C*J33 jJJ .4 _>wLJj>cJ| ( /^o Ls 4-Jl>cJl ^3 ^1 ^o^l 

^j, o-s^ 5 j»l t 4^j>cj jU j»l 14^-jJ j^5"jl j>l c <^s >-jJOoLS"! <• ^j^jJl ^j^oULj 

ojj^j d)l tu5L^j f-<__3jJl 1 j»a ^_5" ; A^-^L^'yi 4jju*<*yi .^^L>cJl LjL^>- 

ftfsL Jl J*Udl Jl 


ojLJl d-»lyuJl ^co^yi ^5^_^Jl ^_sJ-j ^_JL*Jl ^_>c_> LlS" 

^ JL>JI ^.uUJl j_*j Lo jl ^>-^1 (J*yj>- 4J3L10JI SjL>JIj 


c_jL^5" (1)1 LwU_p c ^JL>J1 ^p»-ljwoJl j*J*sS\ (jl ^LoJo d)i J*3 

j-s/23 ^.v^La Ol j—xZ 4_^J> C-oLS" 4_Jl *^3 j_*_> IjJ . ^-s^L^Jl ^3 J_LoJl 

.<jL]LwmJ 1 *L*J>-ljwoJl d^lll o LS"^j>- iljwL> *y ljul j^' ^ 

^LwoJl ^3 jJ jp 1 ol j-^ijLoJl ( /^s o j~£ blJipl (1)1 J_*-j Lul ^_p Jl ^J_pj 

o!j-^kLoJl LjjiS"! ^JL> J oliitiA d)j^j Lo^jj co3jj>- j>s 

jjl Lg_P j^J>c^oJ (1)^^j Looj^ l jjl La l ^LwJl ^3 j- 1 ! 43 J^*-oJl 

.4_*3 ( jj> *y 

<L~J>- l 4-la^ww»o 4_w^-Lp 4_>^_> cJLS" ^jVI V—■^^-S" (_5^i J^-' 0 Jl LllSCo-j *y Ijjj. 

• I j+*X**A ^j^X^A j^X^A J^P 

03Jl ^ t ^JLii t <uj>waJl j^>iLJl oj^-1 ^IjJ-c^L oLL^>J1 (1)1 

oLJl^JL jjLlo c^j'yi («_^S"j5 o1j~JL*J ( /^p 1Jj>- 4^LL^j>c^j *Lw^2j 

(i)i^ .(j^SsJi^ t^ vw<>-aiJi^ c^j>cJij c <ia U g -^>c^<>ji j c^j^yi (^^-p ^3 t> _^^i 

^^'yL jl cC0 2 t wb^lj ^U-Jl ^LwoJl j^xj jLs/2^>-1 

4^>L>oj C L>-Lp ^%wJ (jLo)M 4j>tX)o (_£*Dl C0 2 t (Jl^oJl (_5^^ -^lj 
^oLoj L)}j .j^saij ^^>-*iJlj c^j'yi ^5”^5" ^j-p 43 J5 iijJ 4J1 

^Li c oljUJl ^»^Jl j-^ j->^\ j-^xj ^_jjLj L)j 

C jL>c-Jl ^-4 jL*^j ^j_Lpj tS^L pJj c^j^yi 6jJlz cj_>c-Jl 

oijU^^yi 3 Jl>jj c 4 JU 2 J 1 ^3 oi^ijJij c^^i jij-4 ^3 oi^ijjij 
t ^jLS"^^-^ 1 i^LLJlj c cijL^SLj^-SUI^ iijLjJl jUIJ t <«i->Loj_^Jl jLp j C *Loj_^Jl 
p!j-^ 1 v—^-S" j-jj oUg^^Jl oljLJ j t Ij (. 4_j^jl)1 (1)j_S\Jj c L»jjL^Jlj 
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colUl olJI ^jjO jJt *.Jl ljjbo bjj .^jLwOw^SsJl 

.4ijli>- JjL*j L&JO-3 C o jjt> i*_^S"j^Jl obLo-P 



0 L 0 jjJl o-La ojp 2000 ^Lp ^3 do ^loJJ jjoUi! 1 ^JbbJl 
oOi l l 0jljJ-lj 4 a 3^Ju-jLol! Ojl jJ>- ^j-o 4J fc >\-P 4_d jl jJi-J J IPCC oL*J jj 

Ow-*-S”I ^Ij ^ j 4 JL 5 L! ojl^Ll 4i*^p JL >-JJ )Jj .0 j-wv^3 OO j 6^JL3 ^d>- l-^- 5 *- 

^j-P OL-&L c Llwvm-o JOb - Ia*J ^jl ^j+>" J> olxijj^j^Jl 

oljl-0>J jl HjIaJ! 4j^JaJl jl jLJl jJ! jua> ^Jaj .Ia™o J^jLo j^S j! UIp joJl 

. 4j>t^j>c^j J+& Lj j£ I j! O* J^- J^^J! -oO" ! 


ol jls>L*a (jl jj Idli t ^*ajJl -T^ ^~y -Ow*bl ^^jLj ^-Jjlj c5^i ^^2J bl 
^jU (jl C bib lO-bl .0-3jJl ^-Jg-^oJJ ^JL>cJl oly>u) ( /ys (_^^ J^" iS J- : fJ^ 

4j>-j5 ^3 LpLLjI tO-i^-o _ ojl j >Jl ^LLjl £_o ^j^>Jl oj->j^Jl -Owvbl 

ji^c>- s yi I)^_>^sji -Owsbi ^yiii (jL^vu^yi ojjij-v^j jj J^jji oi^ .Ojl ^>Jl 

jl^JO*-^! ^jS' c Lo-jj oJj_JO*Jlj bsj^-*-oJl oU^I bsLS" iwbJaO ^_)j_^Jl 

o J-& O ^Jj .^b**>Jl ^ya LgJ^UbJ ^y*J ^ A3-Xj L^Ul>J OjJ ^^-Jg-Il j5\J 1 
^Jl ^IjwoJl ol j*-*J ^-> j-wo-j ol ^jgQ) j_*iwJl ^.aJjL>c^oJ1 

^LwoJl ol1)| bb b|j .^iL.*' ja \ A^^JgJl ^LwoJl oloL^o^fl 
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d)jj j-^ *■ |j_£3 o4ji-J a_> ‘L-wSwwJaJ' 

c ^jjLJl ^ <!L^s>- jliaLoJl ^-l_^Jl ( J^_>c_Jl ^_P J-j J—Ji ^Lp d)t)^-p| 

<U^j>cJl i *JX>>Ua^>c^<>J' c lLUjsJI C L^>-jJ j^>cJlj 

.oLw’xJl 

d)l t^^LJuwLoJl Ojl^j>cJl o yj>-^ <2 jj ^ 1?' .^vJLiaJl <l)i <l)l~o)M 

^y jJlsi l^jLsc^ ^j-p £_Lo (jj->3 ^3 o'y^yij ^jLw^jij c^-ji 

^3 ^ jjj . ^_3l_) IJ ^ jJjJl ^3 Aj J_>c_j Low 4 ^XS” I 1 jL>- Lw? j djJj>o i ill 

^j-^s jZS')! I 3 y*)I\ ^c-XXj Lo-j ^3 j_X_*xJl 'Vl A_j l ^ ) ^j|)) 

d)L*^u^yi d)l olJl oj_& oi ®jjj-v2-)L) ^JgLJLxJl 

. ^LXoJi 

<Ljj\z]\j ^jU 

Jlr^ 'yli .U0^->^SGl J-^*-v^5"l <l)i .cli->L^>- Jlj ^.IxJl j-v2-<2j 
^3 J^Ja_jj jLft^j'yi o-Uu c 0j_jj_SCJl wL-^l JLp (^£jSj>xlj>j ^jj_S\J| 

L»^'^ ^ 0 ^ ^ -3 ^ ^ L—J—1 A I wA_P ' d)J .i5 yS 

_ 0 L>c-^>> yflJ 1) ^j_LoJl <S LwsJ lj .^jVl ^5-^ 4 -^ j-° jl 0-\JL*_^J oL^>- <Uj 3 ^j- 0 

ciijixi ^3 ^>-^1 cjLo-pi <yyi j»pLv 2 Jo C|*jl*ji *i^->-i ^y^~ xj ^l-j^ 

^X_Jl 43LlaJl JlJ y olk^tj) O^J ** j- j-^Lv2-oJl iy*J ** (_5 j2 -^- >c ^^ 

^J_j|d)lj-o oL<j'^ ii-Joj_-_^Jl ^0 «lJLp «l^vJ i^y >cj Lo-^t3 ^Jwo-^JLwvu 

^23 j olj-w>c_*xJlj v_^LiLpy/l (3d/^j toLLiJl 

jy^a CXw^-^ J-3J .jly'yij (. oLlijJlJ (. jJI yj 

. jj (1) yi}\ O Lj^-wv^<>->- 1 ^ibxjj ^3 IdlJ-c^si 5 ^->=-4^ y>- jA 

L (jljLwoJlj c (1 )j_j-L w^l ^y U ^-^-jg-LX-) oJ-aL*_>3 yy-% 4_3LaJ| d)| 
c g-j^JL^jJl ^ L&J_—Pj L L ;j J JL g jJl olJL—^Vlj 

oLjj_j^L! l <lJLp ^_j jSjj j-LsoLi - c cjL)^_j^- i-3jj^.»-g-Jij 

c 4ju3jJl cjIjIp >».-Ig.xxl oJ-&L*^ 3 (j j^sJ d)l Lg_xSs^j Nj .di-JoI wUljj-LsL^Ss-^j 
OljLi-Jl ^ y>iZ J .'y yoSL^a C ^Jl jLiJlj C ^-LoJl jL>c_} (1) V 

^-LoJl c C CO 2 ) {£5*y 'y cX^I^Lp ^J_P ojL^wvJl 4 LA_LIaJwoJl 

oLS”t ^^L>-'yi c (1)J-«_*^S"I (Jjl) olj ^sj l (H 2 O 
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-L™S1 ^ L )^ c y ' *-Cwv%«_S' ! ^ L)^ c y^L^»*»*»L I wC^»*»*^S” 1 ^ c o jj l.lg.*.^>. 11 y*p 1 i 

>oL*J ^j_i_>cJl cJ^LwoJl cJj_>c_>j . (<ujL^& o j^k^p oL*) PM-10 _Jlj C-oj_-_5sJl 
.(1)wL^v^Sl ^jUj e-L* oljj-L^Jl c>jj& ^jA 4jU>Jl ^9 95 ^Jl ys>- SjL~Jl 

<2j I wA^wv^S" ^Jy*P ^JuPLjLxJI yA bjZJ) CA^^^^M ^J-P ^ L>c^-.yg.J I j_>c_)J 

/ o \ p. 

( /^5Co->j . PM-10 _Jlj o->j^^Jl wL^wwS"! ^>Uj c (olJ ^j>-j ^auJI 


(4). 


C)l J-OcJlj oUl J ^JLJI ^JjUj (1)1 j 1>C^.V2.1 1 


(l)li>-jJlj ^L>c-wvJl o3^J>cJl ^Jw^Ls CjIj yjjS sJl 3^_9 y} ^jJyLyJl (_jl^ j>-^[| ^cJLAj 

l d-O^_«_^_]| y>x—i <LuLw<^i' (_5 jSP*x-A 

^P t ^JLw^ ji'Ul ^3 4g-jJoL*Jl (JIj^aJI ^ACJj .(j^L^-oJlj tjj-LlJlj C 

I ^ L) I LJ ^^ >•. --~P .11 ^ ^ L*»v—I I yj I I (_J^ i C 0'_)) ^ *^ 

IjUa^al o^jj c ^LJl ^Jj>o I ^JL*Jl ^3 ^ji>-! 4-^J^ iS^ j-^' Coj-*S\Jl 

P~{-*^a ((<Lj-^ 1 *)I I AJwJl Ao^*J|D ^ia_*Jj .^jLwoJl jaJ^j t oL^>cJl iS^yiJ <• <lwio> 

,4j jUl (jwL^Jl ^yPXJ ^jP C^_>sJ>tJ CU*->- C Ul ^Lo*>l A>“Lw**0 cJ.iL*-> 

j_>e_> 0j-JoL—a oli jVI yP-a-J ^-3 £_3 J_Lj j .jL^j^l <L>c_y2 ^-3 wLjJ-Ji ^I l^Jj 
wU^5”l oj50l c-AygjJl ^la-*Jj c Ja-^>c^<>Jl 

^L>C-w*Jl -iSjt ^ L3^i ^ (1) l^C-O.o/g-1 \ C^-^wvO ^JJl (J 

wA» 3^ I 4iUaJl wLj^o ^^Lv2JI«L> 0Jl>J|j ^IjJl ^lp Ja3L^vJo (^AJl 

.jJl>JJ -w*» 1 d)l>^3 


CALS' j . ^yPLA o j-3 *•_g-yg-i ^_y J> ' lSj~^~ ^ LwvJgLp ^_> ^LxJl Cals' 

j*z£sj ^-LlpI ^j^-wvJoj Loj 0JcJ ^3 1960j 1860 ^j-o ^L^aJl <*t->jUI 

(Charles Dickens) ^ 6l>u ^JJl ^ 

c «jwUL _Jl^ ^^jLJl ^Lws^>c_i <ul (_5^-^ Ca^cJ ^3 yyj^lSCJl ^_>Ls-yg—) I 

.i ’l-..ygJi Ij»& ( /^o ^/aJj>cjJl i!jL>^J 1272 ^Lp lC^jli (j-*-* 1 <aS cJj^M CaLS^_^ 


A. Charron and R. M. Harrison, «Primary Particle Formation from Vehicle Emissions (2) 
during Exhaust Dilution in the Roadside Atmosphere,» Atmospheric Environment, vol. 37 (2003), 
pp. 4109-4119. 

J. P. Shi [et al.], «Sources and Concentration of Nanoparticles (< 10 nm diameter) in the (3) 
Urban Atmosphere ,» Atmoshperic Environment, vol. 35 (2001), pp. 1193-1202. 

D. W. Pope [et al.], «An Association between Air Pollution and Mortality in Six US Cities,» (4) 

New England Journal of Medicine, vol. 329 (1993), pp. 1753-1759. 
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^jjo ( JwJw3 J-9 . Ub>- c2iJj^" C^olS” L^j^ W Jl 2) U>- jJ I ^ 2)J-U C-olSj 

^j>j jj-Jl■*./?.-> (jL^J^'yi 2)2S"j .jj>cJl (jl ^Jj>-1 ^j_j 5 Jg-A3 JL> ^vwo-*lJ! I 
oUlj-^>cJlj oULUl C-ol5"j c ^vw<>-*iJl <L*-2M ^j&A) (cJLUa'yi ^-Lw^S") J_>-jJl 

^_5_jLw*» cl)} c_5-^“ 1-^“ cl)U^owaJ1 2)15”J .4 j^J l i,_;L^jJl j_JJdlj c Oj_j>2> 

4_sL>- oljl j_^j ^^dLoJl SjUl ^Jp 2)2S"j .‘lAv^j'yi 4j jj IjjSUdo daUjaUJl 

/^5\_oJo ^ 3 } c oLj_*_ja oijUaj2.ll C^fa-1JJ .(jj^JaJl c^Ljd5" s y *j-v^ <jj j-laJl 
■lajJa_>- ^Jp j-> dal ^j>cj2d^Jl jjplj-s^ do LS" j c dUjLUi^/l Ajjj ^j-° l)j-AjU^J| 
Lw^Jl o>l>- JL3j .dJx_ow4 jlka-l /^3 4 j Jj J_>UI 4_SU*^Jl 

ijj^Jl 2)Jdl (Jj_3 ojlj_>c_)l <d>-j3 ^3 ^_*_*_*_j oJ_jLj>- ^JJl 1952 
^vwijjUl dj*y_5Udj>-i ^jJjJ JNI a_*_j j! d>L*j coljjLdLdj 

d>-jda>s 2)1 j-o <jLo-*Jd»l 1956 ^Ip ^3 oP-UajJ 1 e-1j-g-ll 0 jj2 £ IJ-gU .d. j jSS\ 

^Jl ^J>sJ}]\ jUjJddl Oj23j Ij .^j^Ssll OwLoJl ^3 oddcllj ^_>cJlJl L&jJ_o2jJ 

.U*j1 4 JI 3 yyi k2aJj>c^j Ujjj .LoUajjj ^3 <2ajJcJl ^jjjJl JpLLJI f-Uj-^S”j 


^Lp 3 j-^-* 1 *y 1 


Xwd I Ij 


y 5 ' 


^Jjdll l £j^>-j ^ <2a j-UUJ t)Uo->c_j (J^l (j J>tJ J j-^-^-a>cJl ^-w^l J5L) 

~d~Sl ^lUl jzS j ^t)Up^yij oUsj_5U>cJl (_£jJj j_*Jl ^JUUl c a-Ja_dJ 

j Jjo Jj j . j-U 5 J-^J C-^ jdd 4_Ujal (l)lj t ^UwoJl L^J 2) jj ^^Jl 

r 5 


J -c l 


LuJl 


j J^a»- ( jJoLd_U ojjj-s^ 5 i3ld* -L*j |t-l d)l ^^laJl 

.jNl oU- Ji C3jJl 2)1 jJjoj t j^ 5 t^ULLd ^1 iJbl iiUA 


.4j j_>cjUlj (. ^jL-ill 


Ij c diaa-1 <Ua-JJL 

(J^JaJl pLJjJI 


^Ldl s> 

dl JjVjJL JuJl jl 

C0^1p>1j t 43jJlj (. (J^JaJl ^jp pL>J-^J1 cL->Jj>cJjj iJj^sdo AdJjs JsNjJIj 

oU-& 0 Jj j_>Jl JjNjlJI 2 )2i c djULwJl oU ( /j_^jsl 1 j|j .olJLwJl 4 j> e _s^ 5 j 

4 j jiaJ.Il 0 U_& ij jj ^*_Jjj .dj>U_*Jl 4j jjajJl |t-^l ^j-*^Jl J-UajJ .^j-JtJl j-laJJj 

Jj'ywUl ^j-Ssj j%-1 bl jl cJJ'yjJl jlj-^U LlSUow* jj-SUj jtJ 1 j| L^Lj^J jl d^<>J_*Jl 
cP^ jj-^Ua ^jj JJ_*j jl CjL jJajJl 2]yjj .^Jl^ 3 dLdjs ( Jj'y3 ^jj 
J jjjjj .L^_LUj>cjj J5NjJ1 L« 0 j_^3 dwo-L*Jl <d_*jaj-^Jl j~JJ>ejj . 0 JjJj>- 

3jj>-jj>Jl JL.V1 ^jp jJa-Jl (j^Jo c L^J Aa-lj ( JwJ^ 3 jj>-j 3jJ>xj>j dwa^ill 

jLSvJjlj Olws3 ^jLllj oLjJajJl 23jj ^js |t-U*Jl ^JJLj j .L^J oJjjj>J1 JsNjJI ^3 

.4ddoJl JsNjlU oJjJ->- ^jj-J> 
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2)j_C_>j t AJa_L^o cl)jCP j_> 'y c (1)^J j-^a J g-L>-L*Jl ^--la.*^ 2)j 

. jj*yjji $jj>-j £_>j oL^ijLLi^i'yi oj-& . jj*yjji ^j»p ^Lc^a 

J_*Jl j^-*l J>- dJ^-d Nj *®jJa^j Nj L«jL>- J_*Jlj 
4 ^*jL^-wvJLj *Lw^i_*ji jjNjlJi ^-1-*jlj *y Lo^s" .^Lo->-^yi ji ^Ja-L^^ii ji o j_-_>cJl> 
t ^_lJI j t <Cw^JL*Jl .I^Ij c A_*_jl_JLj| oL>:j-ojJlj j_>wL>VIj 

( /ys j I IwUS” ^_a^c>-I ol5 d)j Lo-^» ^j-vwJj .AiUiiJlj c <. (_9*y»>“'y Ij 

.A-JltJl J I J^AjLS 299,792.5 g- j-yS. 11 AP* ^ I ^ do2_l L 3 t ^ ^ I 

299,792.5 ( jlj_>- g-j-yaJl ap^JLo *• LolJ-o-^a jl c LoL^_> j\ c Lo jj cccS" d)jj 
299,792.5 g-j-ygJi a_p^JLC> t L^JJa_>s j_>JI d)LS" Icjj .4_ol_tJl ^_9 Ij_i>s 

. 4_o 111 I ^3 I j_L5" 


g-L^-j aJj^>c_j ^jJl j_^Jl jlj-^>-*!)0 ^^Jl^JI Jj_-_aJl ^jjLwv^g d)j 

4_^^o ^jJl ^_>^_SCJl jljJg-j>- 2)1 g-LoJ—*Jl ^2>_x-j g-L^ol d)J 1^5 jS' 

JIS^I ( Jl5w> (aCoJI 99 ^c>- jl) aCoJI 90 J^jps jLo>l 
ji 4_j'y.s oj-pU j aJ c^LajLp'yi ij _^_1 

^-*-*.../a_xJCoJ 1 JJ-P Aj c_3a^<JI ^3 100 x^LJJ a_>L*1w« IJ_A (l)|j . <C^2>L>j 
Co IS" . ^z^J>t.a/2.)\ -CCL*woJ I ol ^j»vwJ J ^_A All A^>-jjJ ^-AJj1C*_oJ ^ a^.^ 3, j ' ^jjj^ljJl 

olol^jl (1)1 ((^_L*Jl)) jlScc'yi J-s^ 3 A^-v^-^CoJ' oljl J->cJl ^0 ( Jw«L*jJl ^3 J*S>- 

Cj L*^3 LwoJ I <cJi?L> c _>j ^_Xj j .g-lj_Pj c (C^3 J J t <C^v2_*_i 0 C 0 15 (< jJgC-oJ Ij 

^^2_*_1 ^>3 (jLwsO^/l ^ J^i\ J J-lgJo . 4 CwO-L*J| 

IJlA ^j>3 Jw^3 ji*-l ^3 U5 t IJlA j . ^ Jjio A^J* ^IaXpI ^Uaj Jl ^3 JaC<Jl 

^1J 1>L<J iJj->tJ jjj C ^P Jy2-jjwoJl ^UJ)/1 ^3 ^_,J jjfe c __>LxSvJ 1 

CC>LCJC_*J'yIj A^woJ-*Jl oULJl A^-ljjJ .^-*Jl JUJl ^3 g-^Ja-o jJaCj 

j ^ la 3 oULwJl 0 j_A ^0 J_)j_j LoJ^oj .g-lwLpj ^a_9jj <L^.V?-XJ A_yg_3LCoJ 1 
.^LJI ^P AP-^^3 CC>La^ojLC-wo 0 ^-A Up (l)^x3lwLoJl 

(ji lJlp» . ^j-p ^ j ip’ ig-wC^3 ^ja_^j 1 

. ^ Cal j^*^ac11 j4>cj J cSfjl 4_a.,i>cJl j->cj 

j'^ ^y l> ^j-^coJi i)| (_5^ j> “ (*j>-^-fl-o-y ^Ji-Cwg ^oJ-^Ji ^ojji (i)| 


Posterior Analytics II, 1, 89b, 29-31. 


(5) 
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ICSoA ^jjQ 0 jZS Cobob" bjJjj^%woJl L^3 bji^o <bLo-*b" jJajoa 

bjbo £-bo~L*Jl ^b-*oj 4_P^JJoa CoUa_b*> (j'y b^M bobp CLJoa oj-^LlkJl bjj .^oa^l 

^ jbLc J~o-p (j\ .0^/1 Jb^/jJl J-*b ^Jj .bUS 

Cw^*o (_£bJ 1 ^_)^_SCJI jl jJL>-^)IL) I ^_l_*Jl bj bJ JwC JJj .b>Jo Colojj3 

22 ^3 j-J-JLp ibjj J-L« I^bbo Lol j-^ .bla j3 j_£ bbo^M 

. 1933 /bl^>jo>- 


*y ^o>- cobb^cJlb . Ua_*_o2_oa LwowLp ba lib ^LcoJl |*_Lp 

L bibJl |*-1_P ^LwoJl ^ ^ ^-UaJo J . ^oICwmwoJ 1 ^3 ^IjwoJl ^jS' b ^_0>s0 

t ^bo^bDlj c Lp-jJj-^>cJIj i bw**obJl ebjbJlj 

b-^c-)l 1 _p^ c ^jlwA_Jl 3^_>-^Jl ^_Lp^ c ^LcJl ^_3^ t ^1 jj2>* +./2 !i 4_b^3^ 

I*—Lp^ t4_j^_>c_]| ^ b p^ c ^l —X—o-J 1 Cwi—J^_>c_Jl ^_Lp^ c^bl^cJl 

^3 4j ^blJl bjb>o ba Ib&j .^jjbJlJ t b>-jJ jb"j*y IJ C4LJl t CoLbo>c-oJl 

. *,_>Lbbl lb& 

.jJj-^obbJl ^^LoJo bla.^»woa j 4j>cJL*^ 3 bb>-l bJjbll «Lwob*Jl (1)jb \Jj 

^ jj wO' obb^l j) ^»^*o-.^b I ^.sLoo ^lp “^bbll _j^Jl ji(JL >-j ^LoJpl 

^y3JL)J jJLya-oJ' CobbJ ^Lo-^-oJl 4_>c_)L*_oJl b 1 j*S* . ^-oJp i._ojJo ^...^ojJ 

^j-^-oo Nj .wL^Sl j-P- b>-Lo boJo>co iijj_*_^Jl Calj_^ijLoJl {jj* j_^_S" Jl^CL^I 

^Ip |jj>- ^Lwo-IaJI obUl 

£jl_b> Ua_>- I3-& bj(J^ ^LcJi ^cJUj bi ^ojJl ^jLs^ 5 

.^5^3 d-*-wvwJ LulJL>- ^3^ojJlb .‘Lwab^J| ^.iLojJl L^3 

^ojJl O^Jaj ba . b^s-Ji CaL*_3^Jl j d^Uabb_*jb/ l_J <U1 jI^J| ^obojJi C—Jo 

! 3j^JLJl ^Jjj .O^lp bib bj-5bj c *L^*Jb*aj AjI^ ^^jJb j^^i^Jo j-*l 

. ((<tip bbjoa Lft |^|j C Lob" jj^a^l j-> ^ Lop) 

^j-vwJj c ^LJJlJ c <baj>-t)b^yi (3b^* ^>bbl obbbl ^^oj>o b} 

. I ^3 NI jj ^.woa^J I ^O Loo <Jb Lb_> 4_x^Ja.l I ^J^«>cj b 1 bLs . LojJ I L/ 0 

t. 3 t iLo-^JJwvwoJl ^oLoJl ^jP tjl ^oJJ-*»b Ab>-bwoJl bo jl bo 

<bio>-bb>J! ^Ja ^jP 0 J_jJ o>cJl *Lwo~L*Jl CoULJl ^woj>u b} .bojJo>Jl ^_3 

Cob bo bb-^JC* 1 ^ j-A bNl £obbJl jJ a'yib .bb^-*JCvOa I ^oal J_*o b jO>cCJlj ^j^bbJlj 

|t-Jb^Jl bl iiboJboJlj (. jJ j-^o-S" ^Oj-^cJ J^i\ (tJLoJl ^_3 y >-1 
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JaJl (jl <W?L>oj t ^^aJL>cJ 1 ^Jl_*JL Ua-o^3*^1 

L&jJ jj ^iJl ^jLjJl Uajj>c_L« lit/Lxa-l A-*wwJaJl ^3 CjU aa»-*>LoJI ooLLo>eo 

oljljlJ-o^l jlol (_ 5 -^ o4_& ^LwoJl ^oLoo ^JLo^ .^LwoJl ^oLoo ^j-JLL>j 3 ^^Jl y^~ 

*JL> 4_^*^wJaJl ol ^ *-*JLoJl ^y* ^Lsi-3 2)V j-><Jl ^3 2 )^o j-5sJl wL™ 5I ^jLti 2 )Lw*o^M 


.UjL^pI 


yL> ^ oL^LjjLw**! ^Jl (Jj-v^ 5 j-U ^oLojJl o j_a ya *>L*_3 o_3*ia- l^La 

?A*.~JaJl ^ oUaa-*)L<Jl 


?^Lo*JIj ^_SL>tio ^ill a^cnJ a.31 oUNl Lo 

^1^*3 y (^Svo-J coL5 


767 *JojJl jt-f;L^ ^ ^j^LJl ^iL<J j_*JL^> JJ^-b p-3 

A-JLoJl A^jj'yi <lJL<>J| ^oLojJl .^oJL^Jl ojl_>cjJl j_S" Ljjoo 

aJ|j *• l*bJL*J JS\ <u*^JaJl <wJaj'yi 2)| .2008 ^Lp olJo ^nJl a^o>JL*J1 

.^aj'yi ^^.Lp ^J^A^Lwvw<>Jl balwb*-! ^JwO>c1o 2)1 Al^Sooo L>0 y*±-> 2)1 j^JLi 2)1 Aa-l~bJl 
^3 ((jjj^SsJl wb-^51 ^jlo) Jj>-1j ^J-P *Lo ^JwO^LvvwoJl £_3jJ aJjL>co 3 2)j LoS" 

o^locJl A^oJlxJl Sjl^a-uJl C^L&1_>cj1 ( Joo*jj .^oj>- 1 ^sl 1 jZS 4^*^Ja <wJajl 

.^Lo>JJ IS" y>cA wJ (1) jjj£}\ wLw^ 5"I 2)1 LJ j-^la^I LAwXlP La ( Jw23l 

(1)j_^Jl wL^^S"! ^jLlJ (jLwvo^fl olaljlJ-v^j 2)j aJoULJI <Lwa^_iJl jLjia*-! 2/^^ 
a^>-j 3 daL-Li ^Ja_>j .^UJl ldSL& .a^a>L i /^SLoo Lo^5" Ijl^na-1 ba j_>cj y JJl 

^3 AaL*_oJ 1 ^J^ljJ 1 ol jL^oj j ^UJl ^_^Lp *LJ^3 oj| y>- ^jjjl yA 1 ojl^>cJl 

aJI JaS c ap^ 3j-^Jl ol>j-<Jl o^w23 ^j^o>Jl olwX^-jj oLijJLiLS" <>1 j-^Jl 

w^LjowLoJl djI^> sJl jj 1 jLjlp! wi-LP . 1998 ^»Lp JJoa Ijl^jo>-l cioJ_>e_j 

jjos jliiLwA (1)15" c 1998 j>l*J (El Nino) y* 

^oLoo ^3 y->j .oJo>Jl o5-& cJt)L>- ^2)^^Jl Jl™ 51 -il-ijl^ . 1979 ^Lp 

^yA 1^ ^ A +, ^L-Owl 1 j 1 ^'jj 1 w)o l^»w^21 yj J1 w\^^*»^51 ^ lo ^ ^ 51 L wo51 

A^j'yi ^3 Mj oj_o^L*«oJl AJosj'yi ^3 ( Jw^2J>co lj-& 2)1 J-^P C ^j-jJajlJl *)L5 ^3 
ojl ^J>cJl A^>-j3 A3*!)Lp iil-LA 2)1 0*>Lp1 4^_va ^-jLJI jL^c>-l j ^ iao j .4_^oJJlJl 

.<U-v^j-“23^ latf*^>>3 .(1)^^Jl wL^> 5"1 ol-’IjlA^LioJ 1 

.o-jLi^J1 !*L& ^3 <L>y>- s )}\j aJlx^VI j-^5" iiLwA 
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^UL>- olwLaj L*_oJ| ^L-oJl j**-* 4-P j+*^ <AjLw^ .ijiLft jJ^-9 

?j' J-* 


(^Lla-j ^jS' ^j_>^_JL*Jl d)^JL)I ^3 Jaj>-*!)\^Jl ojl jS>x .Jl *U>-j^ 

? ^yc^-kJl 

?^LJl J ^IjJl _^' J-* 

^^IjwoJl I jl-La djL>J_0 j-oo 

^ U? 1 ^JLl ^JjLwvJl ^3 ^IjwoJ 1 CpI j^xj ^j-A 

Sy>x^i\ ^r.]g ,*ai jJLwv^a Jjj^^Jl ^A^ws.J'l ^jljJ jLo)ll d^ljlwLy^j ^3 




J 


UJl 


er 


c> 


^<LoL>- ^<>J| J^>cJl ^^Ip j>e-Jl ^cJg.*.A> (_£ jAL*^J j| ^v2JlJ 

^ )g>>c^oJ' djIjLo ^3 dJ<^1^>“I oL>cjIj (1)Lwmj^I £_9w\_> 

Sj^ 4 ?[S' S ^\ ^jA IJjJ>j ^>c-Jl ojl y>- ol>j3 i^-^o ( Jjfc 

cJLj>- ^Ojl -LAj>-j A^JajllI ^*jJjJl ^-o^3 j5\Jl jlj^-^l ^»_^oJ-> (J^ 1 

J> yy J-* 

*? L y?j s J\ ^ ^j>j^i ®j^Cii ^ji>- ^jjJi j^jj 

C-^>c_w^l ^^3 0j-^3o Ojl j_>Jl *L>-j.5 ^Laj jl ^-i-3j I ^JJl Lo 

? ( ^L r *JJ 4Jbli ^P ^j^l 

^«p jJl ^1 p ^b 0 y>j^S\ J-^^S'I ^jllJ d)Lwvo^/l bU 

? 1998 ^Ip aa>j [j oljj ojl^>cJl ol ( /^> 

jp ^3 Ojl j >cJl ^<2 jLoJwO j *>cJl iwJajJl ^3 Ojlj^>cJl ^p,Si>^ bLoJ 

^_^J-3 Oj^J-^^^l I ^ Iwj { ^ j I J^wO«J I jl-*»*wO^I I ^J^ P ^J^ I ^ ^ I»P t IJ 

^^v^j'yi o jS^I 

^d) jj^^J l fc A^v>5"l ^j^L^ij ojlj^>cJl ^j^Li i _^-p’ ^Lo^p^I 

^AA-s3JJ| ^jI ( Jwo^j ^JlS 
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wU-^5”! yU yl> yl y 
^Oy^^J! J^~£\ ytj <^*A>Xi y! 

d)i j-& ^ yL*Jl ^y L^jLw^ 3 ' L«Lp y^*_>jl (_£-La ^^J-p cCLo-L^J ^ 3Jl ys^l (1)| 

J_*_i 4^>-1jLs yJ>-lj5j yj C^y^j^l ^5yS" ^jjL> ^iajI LaJJ-^3 oL>-IjL<>JI 

.0-b*u li . 0^ I 

. ILo-v^ 5 o j**-/3b ^,v-l-*Jl y)) o jLp ^^i-P 4^XvoJl C^IjI yiJl oLo- <1)1 

?^bil j*Ju Jj>-I y* SJ^tdl SJjjJl £>*111 ISll 

J-^aj y>j^U ^y^Jl jl (Josephe Fourier) Ao j ji c-Ajjy>- 

oIJLp jl (John Tyndall) JlJJy by>- JLij Lf^-AJ ^yJl 

e-LoJl jl>o ( Jw5s-JLjj . <U^aL>cJl o J_k l^jjJ yJl ^ y>cJl ^y 4)L3jJl 

c(aXoJ| ^y 3.62) jy^l wLw^S”! yU A*-Jo t ^4)U3 jJI yP) yj AXoJl ^y 95 
.(aiJI y 0.07) U^p j (aiJI y 0.36) jlivJlj t(S^Jl y 0.95) yjyyJl 

jl (Svante Arrhenius) ^yyi&jl cJLL- y-PyJl yL^SGl Jjl^ 

.y>sj>cJLoJl ^yjJl y>o yfcJl y.Ul d)yj5\Jl -L*a**S 1 yU yl 

5jly>cJl 4 j>-j,3 £_£j y c_3y^3 c yy>cJl 2)y^yI j i_£PL y 2 j 1^) <Cl 

. hJg.>c^ d)l Sj . <j jJU ol> j3> 

cjli t aJLJwJ^Ajj yjj_JL*Jl (1)yiJl oI^_>j-JLp ^y OA> y jJl jly2>-^ 1 

1938 j»Ip y (Guy Challender) jwUJLU y- yyL>J^/l yy>Jl ^L^jVl ^JIp 

y>cJl ^y (1)y^Jl ^ylj iw^vj d)y^j A3 ojly>cJl ^IjLjI 2)| 

(_)y^\^-w*J Aj 1 1 OyjI ^A_^»-s«_S”! t y L> (3^ ^«-t*JLwvU 1 

jCI JwO»J>y wL 3 (1)yj^_5Gl wL^-wv^S"! (JG Lo^S” • (y>“ (_5^^' .4-p|jj-U 

wLw^S"! jl jwUJLio Jli (1)1 U j . 4jw0 yL« ^ ^L5Jl ^.UUJl j-vS_*Jl 


*lL>c^ Oj3j>- .(1976 _ 1940) ^bwoJl 1 j_> ] j ^ j >- oLS" Oy^SvJl 

LjJl>- l^ygp yL*3 Ji hJI y 1974 yjy/jlyy^ 24 ^y {Time Magazine) j*jU 
Jyyl/(l)L~j 28) {Newsweek Magazine) JJyjjyJ JJUyo 0 _LjG Lo-S" t IJUJL^- 


G. S. Challender, «The Artificial Production Of Carbon Dioxide and its Influence on (6) 
Climate,» Royal Meteorological Society Quarterly Journal, vol. 64 (1938), pp. 223-240. 
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C-oIpj 1976 t- ^^(National Geographic) cLLjIJU^-JuU (1975 

3J~*Jl 5JJ3 L)15j .2006 /oL_ 3 ^3 a^vL_> j-o.Jl aL>c_>j 

5I jLl do 15^ .^5-^1 jlI ^p LpL- I^JL> <Sj~ >x ~i 
Jij. 2006 j»1p jJLJl ^3 ^yjiCl jUT ^^a 1974 j»Ip I ^i 

LL5 o^p ill(Stephen Schneider) jJ_>Ld ^IdJl ^JIp cJJi 

"^ ♦ (8) * ■ 
^jA (j^l Uj-b>cj Ajjj . JjJj>cJl ^J-Jj>cJl J^2^\ V_Pj ^jA Ai LjJj>c_> 1977 ^lp 

a Ip (Lowell Ponte) ^Jojo JojJ pL 5 ^i J^ioj .^yj^Jl jl^d^l v_pj 

: (9) il^^l ^ 1975 


2)1 Ldlp <1)15 ^jL5Lj ^-^Lww*»j ^pLoJP-1 Jj>cJ aI ^SCl 5 ^Jo'l/l ( JJdo 

(1)1 ^Jp LaJo>cJo ^lll djlj-^Jl ^3 ^_SL>Laj (1)J . ^lp 110,000 oJ-a A*o3 ^J^L*Jo 

. (_£ldd>-j LJLjJgl £-LLj C lijjLL ! ^ j.yg-3 Adpl 

^Jp ^J.yg,,>d3 C Loi5\o ^jl^JP-I^ A^-i5 (Jjddo (1)1 Ldlp 

L)jLl> (1)1 J1 *j ^LwoJl c^LoVl oJ_A ^J .Lip ^o^kj J-*j c JjLo> jUaL4 

. A*jLLJ| jUgj>-^/l c_d5j dLl IbJl <pLS"^ ji ^oUj 

Ag-c-L^Vl aJL*> j-> 2)1 ^_a ojUl lj^_> c_]l <J*5L>- cj-w-^Jl ^^j-LiJl (1)15 j_9j 
^Jp ^LygJLlJ A-PLS* a53Jj>cJLoJI dLN^1 j ^Jlij-*-5l ^L-o^l ^3 a> jjjJl 

-L)I3j AJdJ 1 d lp ^~oO>c-yJ I viols' J .oJjJp d 1 ^oJ ( jPj Ll 1 A>-^ ^Jp ^*LJl ^woJ>- 

ciLp^_x>_>x_x>JI ^Jp L*_p A>c_Lo^Lj Ayg_ aLlow] 1 iglp^p>c_^Jl ^_a 

( 7^p (jji_>t_o 2)jj~25 1)15j .oLco'yi 1 joJ_>c_> (1)1 o3jl_Jl (. Jjj>cJl AjL^j J_*_i AdwJ 1 

al>cJJ 1 oJ->doJl ^-o'yi ^^^12 ^gjgpl j-ij .Lajj>cJL«J oj_ja^JIp aLSL da 
^j5Dl jl^>.^1 Lpy 1998 j»lp 1PCC ^liJ! J^4 ^ LJjaJl 

L^lJg- (^5^^ ^“b^J (1)15 J .^-s^O ^Jl AdwJl id>lp ^0->E_yJ! 

ipL^- ^ c (Crispin Tickell) J5w ^™>^5 jl5 .vfJUS ^ Ji j t j»LJl ^Lia^/I 


S. W. Matthews, «What’s Happening to our Climate?,» National Geographic, vol. 150 (1976), (7) 
pp. 5576-5615. 

S. Schneider and L. E. Mesirow, The Genesis Strategy: Climate and Global Survival (New York: (8) 
First Delta, 1977). 

L. Ponte, The Cooling Has the Next Ice Age Already Begun? Can we Survive it? (New York: (9) 
Prentice Hall, 1975). 
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.o.U>cd<JI ^S oJj>CL<Jl A^Lo_<JJ ^JjIaJI ^Jdo»<Jl c AJd^Jl Ja-x-vflJ' 

ya jJ_>lj (1)^1 ^-~sz?lj t j_S\Jl -^1^2L>J|I jLia_>-l ^j_P LLlS” ^*-3 j-Cdj 

.Jj&\ jl J^v\ jlk^l 


o IPCC 


A*_>tJl A^oJl*Jl AoJg-La AjIpj 

A*w»aa3 Lj C 13 t ^ I jl^~ J/1 jli* LoJj .L^-jw\J ajlJI ^>jIJ j-fj oJ->sJLoJl 
^1 pUAaJIj <L^>-jJj-L*_U ^j-dJl ^Jj>c^ ai>J 


1989 ^Ip ^ 

^^xS"aJl yo c^IJLp^I d-*-*-ddAi 1^ . (A1 Gore) j^p J^ ^^IdJl l ^ y 

(^^JjLa a_*_*L>- jjJ> Jl ^JJl) (Dr. Roger Revelle) J^J_>j j-^r jj 
d^LwJjwJ 3^)I.5^P Aaa-w^aI i^jJU) (Dr. James Hansen) ^^aaO I-& 
c.i : yg H Jl ^-p^Ij .(Goddard Institute for Space Studies J *LJljL)I 

JI^jJIj tUU- 1988 JI5j .J>j£S\ jl^Nl ^ J15 1988 ^Ip jUJI 

ojU- ^jJaJwJilj au^Uj O-)LSJ <ljA?j }I (Yellowstone) J»> aa> ^I_p jA* 

^-<-voL^ ^J-p|^ .f-l^_^Jl SwL^U^ ojL>- ^^s-saJI ^j»vJj>c^3 ^L<>j1aaiI as^p d-oLSJ .I*Aj>- 
Ji ^^Jl jl^1 Jl t «AAi!l y* J Lp j I jJLow) )) c ^ j_dJl ^-vwL>iw« ^y 

jv-L^Jl ^ j!j ^J_p ^1 J-SVjJI ^JsJj pJj . (11) ^L>- 


( 12 ) 


li*>U~ 


y* OlJ-d^ ^3 jajLp^M i._-JOj C ^LwJl JLJLj do^_>^jLi_) aJ^j>c_>j £-l_JLjj ^.j 

A^>-j_oJl od_A Jj jJL^mwoJI ldjL>^»l c_a_S"jj (. ^y j_^Jl jlj_d>-'yi JLJLj ^^>c-A/g-]| 
^ JwoJl £-1 y>~ J-° Av^L>tj^ C L*J>LJ> ^.Vl I w\JL) . AaA 3 j 3 J5 ^3 A^-s^l ^^-dAi'yi 
t (Barbra Streisand) JJl^l^d*. c (Robert Redford) ijysj o 

Jl .^Ij-^JLw-J/l j^S 3 Jlpj (Meryl Streep) J^j^j 

Jl Jjli • Awo-Lp ^-Ijl ^jjJl I A^>-L^j f y C o^3 0^5 ^>s j^P 

^J-JLpj tttAila La^ ^Jw^J^Jl)) (New York Times) Jj^j^jJI j j_p 

. I_£l3 j ^Lo^Jl A)jJudl Olw\jd^<Jl A ^-j y AaJ_>JJ ^L>c_do >._43j (^JJl 


C. Tickell, Climate Change and World Affairs (Lanham, MD: University Press of America, (10) 
1977). 

R. A. Kerr, «Pushing the Scary Side of Global Warming,» Science, vol. 316 (2007), pp. 1412- (11) 
1415. 

R. S. Lindzen, «Global Warming: The Origin and Nature of the Alleged Scientific (12) 
Consensus,» Proceedings of the OPEC Seminar on the Environment, 13-15 April 1992 (1992). 
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. ^}-*5wwJl^ C f-LoJ-P^ C ^I jwoJ1 ?-L<>-Lp ]^J-P IPCC C2'-*-o-^“ 

1990 ^Lp L^Jjl jLS" t oj-JLS* jjjLiJj olj^-JLLa ( /^-www^Lw^Jl ( ^Jg-5> LJlj 


.^^Jl IPCC ^jLp 


r 


Lw^l <JLwo-Lp ^JL jLixJl o j_& 


<J J 




^Jw^vwL^v-j j^2) j^> ^Jl^-p d->Lp^^->c^3 53^\_> J-Lp jLS"_j 


■I 


j_j ^3 ^J.^/2.3 c_^-«-4_Jji-a ■^^-**’.j] r 

.IpL>j>“! OjJ-SCio ^jJl 2500 Jl 


^3 ^jj_52Jl jl^^>-^1 jj 1 ( j>p 1996 ^Lp jj j3l> ^3 *>—2)j^ 23Lw& jLS" 

^P C_^j5" Li" C 2jjL)Jl d->L>“ljw\Jl <« >l5"j •*—*« , l^jjl (_£ J~o-) I j^-y^ jLS"_9 c 4j>c_v2Jl 

c_*JLS" (. AJLo g-Lla-J^j jj jJ>- 1 (1)^-2Jj-a 4-o5 jlS"J .JlJjJl IwAjL^JJ ‘UsJ>c 11 jiryi 

^_2) jj>cj2_>i i^}j «l>c..sa1 i jU^i 

|t-> JjjJ .^JLojJl A^>c .yg, 11 jUNl * _^jl 4j La ^>j jL$ t jl 

( J^_3 j5\Jl jlj^>“*)LJ *L^>c.yaJi jLj*)/ 1 £-a 2007 ^Lp jJ jjC ^3 0 jy >s - 3 ^J^L*jJl 

5gjjJl Lv2^>c^ ^>-^1 jl5"j c 4>c^/fl.]| pU>-Lp ^a Lo-&wX^- 1 2)15" t ^j-o^Lvi 

^p Jj_^ 2 jD! ^^52 ^1 lj_*_b ^_>jJl ‘5isJj> J^p 2r^d (^J .(Copolites) 

4_v^L>c_>J l (JJ).ygA1' 0.5 La ^_9 *U>e^>c_s^3 0 j-y>~ ^-^Jl jl*L^>c-yg.Jl jLj^M 

—- ( 13 ) £■ 

^3 S j*J>- *)! jj y >-I jj_oLi j j5Jj-a JuAL>cJ JL3 j . 251 I j-a'yi 

.2ol jz^)*)! I i jj?\ ^a'yi pLo-LJ o^5-JI ^IjS/I Ji^Jl IJjsi 

® 2ww21 ^^jC/g.,1 03J-^ 43 2)i IPCC ^Lo-*J <Lol2-Jl 4_L>-^oJl 

J _^ jl ‘CiCoj l^Jwa J5"J toUj52>JJ c^Ji— jlS (Summary for Policymakers) 
a-Lo-L^Jl ^jJ c ?-ijj o^Lp olj-^kiJl ©j_& j5*xJo .ol^L p 

d^l I ^J-P ^J^l ^s-p'^l ^Jj_ 4_^_>c ^5 1' 1 ^LC>c^oj 1 oj—& Ij-JLS" ^_>j_]l 

( j*j j\JiS^\ 4^L^-P o3^-*^wo»Jl c ! 

L^jI U5" t j_l_*Jl ^3 ^‘tJ^-p 0 -w^wJ ojjbj . ( /^o^C5Jl ( /^ww^L^wvJlj ^LJuJl 
C IPCC .4^>iLv^vJl 4»j^-P l-^- , l . L^-^3 jJajJl ^-*5 2*^-1 ^a 4 ^Lo«P d^w»wJ 

.2007 j>L*J ((<L*.» 1—wwvJ I ^g-X-J l ^2.1 jjj-v£? ^-a 4_jLiLla_} 

. IjJj-tCo 1J-5S” oLaj^>cJl ! j_& ^wCv2j jl ^gl^Jl ** 


P. Reiter, «Written Evidence to the House of Lords Select,» in: House of Lords, Select (13) 
Committee on Economic Affairs, The Economics of Climate Change (London: Stationery Office, 2005). 
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A3*}lp j (. AjjL^JuIJ t A-^Lw^vJlj t A-JuJl A^IpLaJIj jjIaJu IPCC 4^Lo-P d)| 

.^jLJL l^J 

^-o-j jJLlJI jj_jJiS^\ !j_<JLS" ^ -g j 1 ^%-JLp 2500 ^jS- ^Lt J3 4j| ya ^S-j}\ ^J-P 
1656 ilLL& jlS* aII <. a5jL*^w<>JI ^Jl 3J-*J L>L*^>- ^ ^ la j j tIPCC _U ^jI ^Jl 

/»-^-o->.^ 1 .jj jJlJl o j-JlS* l^ljj>-l ^-^Jwq J-ij LoLS" 

Ic^J>-l ajIJj I ^^‘yr y* 

^j-siS" (jl ljJj>-j c2500 _Jl *LoJ»*J iJlJJl ^w^Jl ^3 Ux>o .o *y>- 
2500 y~A aJ j_^-<>«Jl a^j^->e_^JI o2_& d)j ^JJjLaJI ^-Lp.}^! d)jj . ^L-o-Lp I ^ ^ * a 

1190 -Jl ya yjj^sS d)l jwLoj .L>c-^>c_v^ ^ ^JL*Jl s-Lo-Lp 4_^3 ( J^LoJ 

Ijj15 L^-jIj LowL_ p Ijjj»^j J jj ^-A-JI y^ l ^-^*J~*^JI wvoiJI I j +. +.5 ^-^*^Jl I*-s^^ 

. y^^^j j y dtSm** ** L) 

( j-p 4^*^oj ^1 j_j ^3 L>UIiAjl^-I <\JAsj>^ 4_v?l)C>cJl oj 15 lJ_gJ 

I jZ*j ^iS^I l$j| AiLsA>| t Of-Ij3 ^x5"Vl 4_v2*}\j>cJlj .^j«**sJjJl ^oJ-*Jl ^Alll 

C A_^*il—^_*_ jLv2-J 4 Lv^1)\-J>- CUjLS” J—aJ . IPCC _U j-u L-Aj oJl-P ^_3 "l jS$j 

a^>t.>/? 11 jU*yi ^p ^^j»>cjo ^jji Jw^.a1i ^3 ^-^-j>cJi ^i^Ji 

jUI ^IjwoJl (J! ^c_> j ^,-)I cJjJLll ^^Ip Oj^U C jl 


. WoLj>c-U 


jjL (1)|JLA3 A^5U^ 


JLoVl 


(^^1 1-° t Ljl)\-oJJ 4_^ j£» I jj 15 j-^iwJl A^oJl ^3 60 (1)1 <W^l)C>cJl 0^3 jj 
. IPCC A)d_&L>6j ( 5 1UJl>c>5 I-L& 0^5"j .^L^Jl 4JL>- d)j-J-^ 80 _ 50 o^Lj 

d-o-A_>- Jl3j .iwL)J wJo Low>~j j5\Jl jl^I IPCC jjjL aj o-.lg-pI 

/t-JLxJl ^j-^ y° J 2 -^^ 20.000 j j^j L>- jjj ^3 1992 ^Lp ^^jVI 4^3 
^jU *Lwo-5 jIjJLsj «lo-aJI oJ_a d—i-15 ^5 ^%-LpI aJJIj .4Jj3 170 y# j^*A>L 

1 j_p jJaJ ^j-jJJl clijJjl y* j->eJl ^^Jl ajlsLv^I ^JJl I) jj jS Cl J»^^5I 
d)lj-j^Jl ^3 ajLi5 j^Ljj (. ( JJa_Jl j_& j j_p d)l5j .^wwowv^Jl ^3 LxJL«L<>jlaI 

. ( j-m-ojJ| ojL) cwa^J Jj ^^JlP dUS J5 J-pL^3 (.(Earth in the Balance) 


^4_^jL^-wvJI ^-x-j l 1 c^p^I j ,j_i5l IPCC ^jjLaJ c^->c-vg_ 

.«^uji 


1996 


l (^j-sliJl Jw^aJl) ^aJ^- 0ijJ>-Lgj! t0jl_o<Jl ojj& 


■=rj 
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c oL«^_SL>cJl ^_Lp <+■ y* d)j-JLwJl Jjj c ojwL>c^oJl ^j_>jD*Jl 

LIJ cDa-P' IPCC ^y *LJl*J| 4_P j^J>^ d)l L*J2Lfi-a j ^c-ys&\j 

^JlpI LjJ-*_) Ll j-& lij ^j_SL j-a'yi (1)1 j-^P .1 <lL_P L*_x>^>c_^ 

jj^ L ( /^p ovL^l ojD*Jl ^Lj »*_Dl5 iDDL c ajL^ju! ^llil ( Jw-s^2jiJl ^DS" 

. (16)(15)(14)^_J^- ^ ^ li]) J^, ^ (<ti ^ ^ JjUJl 

gjJg-^-L qj DlSD-> L>c-v^l^ ^ otA^l Oj^S"wLoJl oLLjjJl y» (_£ 1 j ^ 1?.; 

>1jLp wbl^il ^A>c^oJl aD>-* 5L>JI olj^ijJl c_^_Oj (1)1 


>1 A^c-s^ 1 

.DijJl 


jl ( AJip~*5L>Jl ^DwDl 0> 1 j^Xj) LoDxjL (j'yi A.wJj.5 ^-*Oj 

.jLo^l (y __’Ls-^» 1 ^Jl L^o Ljj>- 


jjl; £-U-a 


Jl 


J' ^ 


L>c_> 1 iwi-JLSL 


Dol ^1 (1 )}j 

(J J_>C_U 


yLaj ^LwoJl ^LlajJ cj 5 JL5LJ1 ^-*w~L?Jl j -^jLoJl ^3 LioJl 
?^IoJ| ^ (jDD^/l j-p (Anthropogenic) ^ 

,((^_3^_*j Din Jlj^Jl ID& ( /^p LD-^M I)^SL (1)1 ^y>-LDJl y^ij aJ|j 



Ji 1943 f U ^ 


o4_D_*J ^*j>-I y ^DlSsJl LD1 


1905 ^Lp oLDJl y* a-DIS" a_pj^j>^ d)j J>- 1 ^JD>- LjOp LI j*& 


(17) 


1970 


cJjj ^j-~° ol d)LS"j . jl^o-l t_^l lj_/d ^*3 ^ 1970 J-*_> L> 


O-Dl y Ajj^DI) IPCC DDp <y o^_p Api'y {Wall Street Journal) 


1 yS* ^ ^-D3J A»jD^Jl A*-o-OlS"^J jpDJl ^j-D jJl 4 »j 5" ^ ^LL- 'VLLoj cC^^-D-jJl 

.w^yjiLl jl^p^Ml ^p o^^Jl L>jJ-Jl)i 


C. R. De Freitas, «Are Observed Changes in the Concentration of Carbon Dioxide in the (14) 
Atmosphere Really Dangerous?,» Bulletin of Canadian Petroleum Geology, vol. 50 (2002), pp. 297-327. 
S. Fred Singer and Dennis T. Avery, Unstoppable Global Warming: Every 1,500 Years (15) 
(Lanham, MD: Rowman & Littlefield Publishers, 2007). 

Christopher Booker and Richard North, Scared to Death: From BSE to Global Warming: How (16) 
Scares are Costing us the Earth (London; New York: Continuum, 2007). 

B. Santer [et al.], «A Search for Human Influences on the Thermal Structure of the (17) 
Atmosphere,» Nature, vol. 382 (1996), pp. 39-46. 

P. J. Michaels and P. C. Knappenburger, «Human Effects on Global Climate,» Nature, (18) 
vol. 384(1996), pp. 522-523. 

Wall Street Journal (11 June 1996). (19) 

Wall Street Journal (12 June 1996). (20) 
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0 jZ .u (1)1 4_A^JL>- ^J»P *Uu*Jl ^U^-J L^-jLp^L IPCC JI O 

<c_^w?<_ijl ^o «ll<>J| ^3 10 <1)J oJli 1996 j»Lp ^Ll<JI j^J*Z ^3 SwL>cJL<Jl 

^_}L JoZZ> JjiljJ ^jP lj'^1 p iaA3 ^IdJl |*Jp ^ ^yLjlj ^XSj ^jy si 

( /j_>j_)l ^y> <JLoJl ^3 48 Jlij t^4_jjL>- d^Lo-P j^JI jl(1)1 ^y° 

*L>c-jjJl 0 jl^Ij y>j . ^oJL*Jl ^LwoJJ yzzS\ ^oL$jj 0 yz&yj *)I l ^-^->\ 
zj^y jJl ^3 ^~yj (1)j—^j>- ^-i ( j_>jJl ^IjwoJl pLJuJ 1997 ^Lp 

^05 ^l^-Vl oUJu VI j lo (»*>UVlj IPCC j! . (2Z) '^S J J \II Sjl^lJI 

. Lo_^_>cj LcJ 

^aJl>JI j_v2_*Jl IPCC Lf^-Ij ^Jl <Lgj*)C»Jl 0 } 

c^o jJj .(1300 - 900) (1850 _ 1280) ^JwJl 

j! jZ>-\ (J*)C>- ^Lwo-JL^JI SjI *u>-j 3 2)1 j^L^a. -o. 11 l y>» 3 J-P 

4_1_^-Jda cliJ^ ^y* ^J-pI doLS" c ^Jl _j1 

dU.5 ^3 0 ^5sJl J-^5! j^-v2_i d->Lpljws^ 2lLwA ^SC . 5 ! IPCC _U 

^ d)| <JjjLoJJ La3jj Ij jI_pW _ Ijldo-^j ^Ju>cJl 2)LS"j 

2)i i d->i^_v2_*_; d^d) ^jiwLo^p ^jLo j iw\.A/gjd*» 1 *yj aJ^j 

ojiy>ji d)i^ c ua>o ^Ji 1 Jl j ■v/g.-^JI 

t*iD.5 2)1 L>c-v^lj lJ->j 0 ^JjJI ( J^ljl (_5^ ld>-LL« LpLaJjI ^UJj^L, olJ-> 

Uip» cIPCC jtjkA 2001 ^Lp yj (1)15 

J-ij .dU^ ( /^>c_>j ^^JuJL L*-^j>- LdJ-p ^-^ > " ^3^ ®j- 4 ^(_5^" 

Jgj t ^yoUaJ ^Wg*>U>-)) ^3 JjVl O^AyaJl ^^3 clDi ^JlP g-^11 

IPCC J.yg-3 l)15"j .2001 j>UJ W4 _^*jL-wvJI C/g.l ^3 ^ 

l^ ^ 1-P 4d*ijC j Ja_i_vg d-> 1 w4^_S\j>hJI d-oL5"_j c ^^\_P^/l .L>c_vg|^ 

.L^-g^p ^3 _j!dflj>-LoJl 0 ^-5J! 14-JdJl Jg-^-ygJ 1 oIp y&j>iLjz 

. O-J15 ^ Lyg-P )) (jl ( /^dL> ^_S" Ol J-^Ai ^jLo-J C—9 jJl (wA_lJg_Jj 

^x-jLvaJ W^S'j^Jl Ls^aP® gj-l^j t j7 (l)j^ t IPCC 


M. Parry [et al.], «Adapting to the Inevitable,» Nature, vol. 395 (1998), doi: 10.1038/27316. (21) 

Br D. Bray and H. von Storch, «Climate Science: An Empirical Example of Postnormal (22) 
Sscience,» Bulletin of the American Meteorological Society, vol. 80 (1999), pp. 439-456. 

D. Holland, «Bias and Concealment in the IPCC Process: The «Hockey Stick» Affair and its (23) 
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. 2007 jJ yii ^oJ»P ^3 t <U^-N ^3 ^4^Lww%Jl 

cl)l ^»^-p^Hj ‘ljl^JI oLpj^-j>c_^JIj 4_^L^w*J! ^_*_)Ls^ ( /^s ojjjLwso 

4»J-p ^oj>c^Jl 4 jl^j>cJI ^3 IPCC JJ *L*_>bJl ft*u*>Ls^Jl ^j*-> Ls^J «w?^Aj>-)) 

oUj^\j>cJl 4 j| ^Jo c dU^iS” ^ ^52!j .*Lo-L*Jl ( /j^s 3J-p J-Lp 

4_Lw>cJ| jJ_*_j t Oli jl ^-3j . cj C>-P ^ I yj* ^j-C 

.jj_^->cJi ji o y3 >\j>x ^.^?,]i ^yj i ou>i^_^3 l^ji^xSsj ^y j t w<ua»LwJi 

(l)^-JLwJl cl)I 2 *.J L)J' L>£_^3 wL ]^jj *LwO—Lp d-—■««.,- IPCC cjl 

5jL>cjJl c2iJ^ ^3 L^-j <_^L^*j'yi 3J-*J c (JCo-_p^ yI cJj^>~ oUjio-Jl j_LLow«j 

^J>i^^-».«w.x) ^-^*-s^3LwoJJ jlju-l t 4 jLoj>cJ| ^^Lp 0j*->*-*2 t 4>J^PwL<aJ! 

. C/g-oJ I 

£bil 

! lj L>-> ^l)woJ I J Lyg^>- 1 

&jZJLi' 3ljlOljj3 ^4^-a ‘-^J (0 

I yj <iii>-1 wi)LoJ I dj|j^w\Jl y# I j^> 0 1 ^ j*yi ^1 p cl)Cvu^</l j^J w-3 <L>^-L? 

oLU^j 0 j_Jl> oljjjJl 0 jw& jJLo j»Sj .^Lp 2)11.lj ^Lp o143 y^> 

• y^\ jJl ^JJU 2g_*_3 jj y£L*j 'y 

^JjlJLa ^ ^ ^ ^_P Cl»OwL>cJl ^-JL*Jl ^_3 ^*>lJLoJl I jl y^^\ 2)25" (__ 1 ) 

.<u^^2aJl oljjjJl o3-£j 

y*» ol^y\ ^^lJI otaLjJJ ^ <+-& j-!l (^) 

d^li^Lp cl)li C Ojl^>cJl 4_>-j^ ^3 L>^2-^ cl)l y ^J>cJl cl) J^~«S\ 

.L^AiJ ^JLS” iiliAj c O-Ju ©jl^S* 

C 4jlJjL>c^<>Jl joL-; LstA2>- t Ojl^>cJl cl)| (^) 

JJ *b*~A*A^ l ^yllJ ^PjLwvJLoJl c5^’ ^ ^3 

.y jJl Jl J^UijJl ^™o ^j^>Jl ^i*yjJi ^ 
J^CijJlj C jJl 4^2 5 J % yi oljjj-w^vJl c^^r 5 * - (J^^ J~*^ 2)1 J-Lo (_3i) 


Chapter 6, as one of the Reconstructions of Past Climate. 


(24) 
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^1S"! I J-> I 4-ojJJl iL^wvwo-*iJl ^Aj j]\j c 

<La*>La C—*~J (1)1 IPCC JaJ jtJj *(J^ (lr° -L> US' Lo-o 


. o 


)OwL>cJl 


Oo 




vi 


C j_>C-Jl ^..L *Al (__£jJLw^S ^j-^—^ _*_LJ (jLwsO^/l Ldlj J-tfJ (j) 

.^jL>c_v2Jl^ <Lj>I c-\»Jj>cJI ^jLLs^ ^1 & j 

.^JwoiLwvs^Jl ^3 0>H JL>\j dJjl^ j>-I ^3 Ij Ui” cOLo)M 


£liJI 

110,000- 14,700bp 

(^j (cjj&t aIiLi jJjl itu ji) 

14,700 - 13,900bp 


13,900 - 13,600bp 

pS&\ (jjiLijj 

13,600 - 12,900bp 

■ijVl 

12,900- 11,600bp 

J- ■ ^*Vl 

11,600 - 8,500bp 

| Jjia.1 

8,500 - 8,000bp 


8,000 - 5,600bp 

i_J (jJxujljA jl Jla.1 

5,600 - 3,500bp 

JjjjjII 

3,500 - 3,200bp 

0 y . jjj j^^V' 

(Ajj ^[M-jj<l ojjj^ 

3,200 - 2,500bp 

jjjjjll j*-nx 11 Aj^jj 

500BC- 535AD 

^Lsjjll jljSaVI 

535AD - 900AD 

4 .alh^'l _jj.«-i» 11 

900AD - 1300AD 

jj..-i» II jljp^l 

1300AD- 1850AD 

^aJJ >—1 

1850AD-. 



(jVI o- tju-i iJjs -bp 


. j-w*“Vl ^jlLL! j*4l *Jl Jc-o iJ^Lil! jl jZs*-^!\j oljj^ ! 2 Jb^tJl 

j . j^a p Jb*3 <Z~jJj>- 4-j-yill! oJbJbJ! oljl^■'Lll <jl tjjjjl^*1 

jj_2J! j_>-!jl OwU>- ^JJ! j!jli* IS! La XjJl^- ^a $ jJLp owa_> J*>L>- 

. 1998 ^Ip (El Nino) Jl ^ ^^xJl (j^LJJ j\ ^i^-VI) 

C ^ I L 3 LJ I ^»Lp iwiJl ^J^3 Jj*!)Lo j^} ^3lwJl ^L^oJl 
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dg|j|j_y^l 4_>c-Jo (1 )j5j (1)1 ^9lw\Jl ^5oJl l^-^-i Cj^^i ^ J .A^jLoJIj ^JwiJl 

lw^S\—<>w^ ^ j—^\J ^ -1 C l ^ j-/0 ^ .3 Ls^ ^ »/g ) l-A—^—} J • (_) ^Jj ^ •-X^^AaA l ^ ^ J iwj („) ^*«mJ l 

^j^?LL>ol l_JL> jJ AjAA d)l j-^-yaJi ^xJl>JI j-yg-xJ' ^9 |j-g- ^jUl ( j.5.1g.U 

jl(^^ j>~I LL^I (1)1 jj*y .(1) yij£3\ x~5l ^^jljJ d)L^*o^/l dj|j|j-yg^/ 

1850 ^»Lp J_La jld)l 5 j-*-> (1)I Lll5Co-j c_jL5j .5 jSj s )!\j 

obi jxj\ iiljwA cjIS" ^jl ^Jl 4315} ^j 3 >cJJ 0-^51 111 d)Lw*o^M oliL5} 

^-ylj ^wLo ^^J_p o~5 ^jg»-l *L^*_5g ob_Lo»p .1 }Ll& d)l J-j 'y . 1850 J_La 
cl)j_>j_SDl wO~5l ^Ll! ( Jy& ! j_a <JL*^o I)! t^_>cj (_£3Jl <Jljp5lj c (JljJ 

^ ^4oJ l> aS 5 jg-cJ I 


^_^jLoJl j_& o_>o>cJl ^_-_Lv2Jl)I ^oLJl I) j_j j_SvJl o~5l ^j LI (1)15 b! 
c 1940j 1918 ^*Ip ( j-o ooJl*Jl ojl^>cJl o5j bL*b c ^ j5Jl jl^o-'yu 


,1998 ^Jl 1976 j»U cobjl j 
—fl-^yg-J C 0 jZjA\ o5-& (J*}5>- (l)Lw*U^fl (1)15 ^1 


1976j 1940 ^Lp 


1998 ^Lp 


->'J 

Jlj 


o^u-i ipcc y 


j .jj> 5I ^J} I)j_> jS sJl wL^v5I C SoIjo oLw<>5 

^jj^JLaJl cl) Ja Jl o5o*_^y ^9 jlJd} t '- < 5 l)15j .^jj^JLaJl 0jldll ^9 ojl y >cJl 4 j>-j^ 
|j-& (1)15j .j_>4 (_£J~5_g- j-yg-P ( J_P (jtA-^^l ^L*-J Ojl ^->cJl ^Lg“J^ ^J^g I-j2_>c_) I <l)l> 
C 1976 ^Lp J-*_> ^Laj j'y L> Ojl jg>*cJl Aj>-<lJ I Ju J .LLw<C^J LyJJ^ 

J^i\ {j-* ® j^ © ^oJl o I) j5^Lyi c ^ j-^l © j- 4 jl5l| ‘Loj d)5j 

.e-jJ-k jNl ^L>-j . 1998 ^»Lp j_*_i ^gL j25c_)' yL> ojl^_>cJl ol>j^ olJ-j ^5 
2300 jl c2100 c2040 S^uiU ^LwoJl ( 1)1 jJ j-^y-SsJl ^oLoJo j5l 

.ollUl ^ 


J^>cJl (1)5 L C.*.yg_>3 0J^"! ‘^*-*-* , ^^1 J^j (l)l^w« U^p b| 

(. 4_ol2Jl ^Lp j <J*>\jJl ^Lp I oj^J (jNl d^* 

d)5j .jl A^y\ oljjjJ ^UJl j^55Jl jlJj^ ^ ^UJjl iJljjb d)5 

5>*!)5Jl jl^yi oljj^ cJt)5>“ 0^\ ^j-a 5 j-X-a d->Lj>-j^ j^wOt-i 5^1 ^L)w5l 
'yj Lgjw* ^j-^ - < '-w^ , 5Ji ‘L-*-wJgji ^UwoJi oiCoi^j .o jA>- y/1 

^9 (1)jJj5sJ| wLyw5l (l)LwvO^[l OliLs^U A aS'^Ap jg^'yi ^-Jg-cJl ^9 4^9 JJ 

. j>Jl 

Ju~5l Ij olilyg L) UjLj>- ^3 4jLjL>cJ| Ojl ^g-cJl 4_>-j^ CjI j-^xJ ^j-L*5 I^U 
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-Ijwo-Jl djl4-3'^-P' -tiLl-k (1) 2)1 ^ LoJwO jJ>x-]\ ^y (1) y 

?J 4-w^LoJ 1 4jLj2j>cJ|j 0 Jj J-JlJI 



^jL-adV' jlAJjiM 

Aajlill AiaHjill i_j_^JI ^xj 

■^SIB 





(jlS'j j! jSj>-*)I I jj-5J! ^3 Sjl j^A ol—Li ^.gJa.7 ; 3 

S j~£ oLoi* ojJ-yi? <Ly>- Loj 4-Jlil! lj^44 ^3 <*4 >-y 

4 cJ^ 5 c 0 y* 

. 3 ! yi\j j\ 

C—>t»j l 1998 ^Lp c_i_3 y Jjj_9 c jlj-lP-Nl 4_LSL*i^a 4_^J 

^3 oLjJl ^0 L«Lp ^J^Ij ^oJIaJI 3 I(l)L^w?L<>Jl oIj( jLjwwvJl 

. Lo ^JL OjI^ y>cJl 4 j>-j3 

t 2008 j 4->Lg_> • Lolt^oi tajb 2008 ^»Lp 2)15" 

J^wysJl OjLJl ojlj->Jl oL>-j3j 4_^LjJ| 4_^>JJl)| _^-*Jl C—1-13 

c { ^_y^ a 0 y-^ 3 j- >tj jj-v^Jj c ?-L>j_^_^Jl oL«wL>- ^»IjJI *aJLsj 4 

. 1885 ^Lp J_La OjL> t ' j: rj- 4 l)A_jj-5" £_>j_^J otS"j coljlIa^oJl oJLLpIj 
^3 jjVl J yaj>*jo y& A^>Jl y 40 12008 ^>1 y y 3jLJl ^^JLkJl y^j 


< http://www.washingtontimes.com/news/2008/dec/10/global-warming/freeze >. 
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(-XI 4 JI) ^y> (j-Ij 33,000 JjJj i(»L~i 

(International Falls) jJji o_L>=— j .LoLc- A_La ojl jS>- <d>-j3 

(yAjjS~a 40 — ) ijjA> >b>c_^ db"j-wa'bM oJj>cJLoJl jJl ^3 (Lj 

(Reading) ^JAjj j . 1967 j»Ip (i>jAa 37 _ ) ^_>Aa)I Ju^Jl 
4»JbeL« ^L>! <U-vnJ <L> jJAj 40 — ( Jw3l ojl^>c_)l 4 j>-j^ o-^jj (Lj^LL*^Jo ^ 3 ) 

^3j ^3 jL^jVI .jjLS' (1)jJjJl AAo 0 ^ cJj^ 

Su— 115 oJi^uJl oL^jJI c~Ja^ C2008 ^ybl/Jjl 29 

^3 Ojl ^J>cJl t L>-J^ d—.^JjLJl dl-b ^3 dyg-i->cJw^J I Ojl ^J>cJl Ol> j3 

dUu 4_»j_do 4_^-j3 32 _ c2007 j>Lp oLp iAita oJLS” ^jJI tLSLw^l 

. ( jdC>“jAj j^JLaJI 4^Ja>C^3 C 4i*JJl 



LoLVl o»-^L>-j ^.sLa j£ jj* ^3 (^^pLlsaJI j-oJLlIj jlj-J.1) ojl j^A <L>-j 3 Aj.Ld ! 4 J^^AJl 
<. J ^iU-l j Ja Jl 4->l Aj ^0 4-dbd! ojlji-l <L>-j3 ^ U^La>sjI jg.la> ( Jb*jL*AlA) 

ojljJ-l 4 j>-j3 aI^S- 3 j>-j j>AP ^LJb ^gJajj c ^^^1 JL-^I ^jU c AJJJl) UaJsJ 

^^IjIa*^! 4«w «^^3 ^Ap L»w31 ^)l Iaa ^ ^ I 3 ' . j j£A\ »Awvb*I ^db^Jl 

. jjSdl jljjjj^Jl Aj-w^l (jlA) jjLwj^l 

caJLLpI c2008 ^Lp c/J jVI bjjbd cJj'yi £^j^+>')}\ ^ 3 j 
*lj^>-l c^Jg.pj .IaJj jiL-lj I^xL>oJ cJb-A ^3 ^jIaJIj olijJaJl 4jLd*Jl 4 ^>cJjJI 
. 2009 — 2008 e-ljLA aAJIAJI 0 ^_idJL j 0-d>c_doJI 4_5 s_1wOw<>-]I ^j_>j 0 
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4j|3 C—9jJl ^3 A-oUajLaI ^3 ^LwoJl j-J*sS 4_^a^5s_>cJl 4JL^_)l 

jlj-oJl j_laj>cJl LoUa_>j_; ^J^aLaJ <^jl*S> ^j_P La j_>^JLj 

.wL5"LJL LIpj_U Ijjj-ji Lwvj>- 4^wJgJl ^wL o} 

^3 La (jLSLa ^_3 jL^-'bM ^j^a LpL~a 24 (J*)AJ>- Lo«jI 3 4^3-Lwa d4j| j_S" 4_^j 

Jj>c_~Jl ^ 0 JlA ^3 Lj L)ISLo- 9 .j-v^L^cJl £^a ^j^alj^a t '—*^J ^ ^JL*Jl 
oU^LvJoJl) jJa^oJl Ja3L*J j\ La Ojl^>- 4 ^>-jJj ^^Jl^JI j\ jJl jl 

. ( Ls^O-P 

f'i’sfl J! !ij» 

Lo-> LjLLaj .Cools' Lo~a jZ&j ^Jw^-31 ^j-Jl ^Lp j^LJl LJL>- l)} 


LjLwxJlj J^2_sl LjL>c_s4>J C j_jI LL*_*/?JJ (. ^yg-3 i La L*_L? Ji'U J C (J oL^ 

(JUJI J J>. JL>J! o^^ij / 29 >< 28 >< 27 >< 26 >^ ^1 jLsa ^uaJl 

.stajl jjJ .jLSLwJl 3J-P 3l_Ojl ^a j*_P^Jl ^JlP t J^i ^3 ^a J^Ail t t^JLlJl 

2666 j2L*Jl j yi]\ oLj^jl*^ 3-Uj 4ji»x>Jl ^3 38 ^L*JaJl iit)L^Lw**l cjJ_*^a 

J-3 tl)IwX_LJI o j_A ^_3 3J-P L)i ^-a ^-P^Jl ^J-P l AjjIj->- o J_?*-j 

^j-o-v4>J .4jU>Jl ^_3 75 j>L*_laJl ^_o2> C j.2 > ^>c->'j .4jLoJl ^3 83 3l3jl 


^j^Ul ^l^vJ L)^.SL> L)i ^ 4 ?^a ^jLS"*yi 0 jL^jJI j ^_*^>c^<>Jl ^.pIj^JI ^Ll»NI 
jj-^LJl ^j-a 4 _^oJl ^3 16 cools' j . Jbdl lJLJI j*JL*JI ^ ^j_>«Jl ^^a L) jjj^j 

^1 J^/j 3 ^j -4 Jj| Ojlj-La La ( jL^J C 1970 j>Lp ^3 ^JUl ^ 


L^ 


Ul 


.4_L<J| ^ 6 j^l ^-wvjJl 


•f-^l 


J->*l 


■c_i U 5 . 4 j^>Jl ^3 18 4 ^oJ| ^3 39 ^j-a (_ 5 ^ 

-wwoJ>- ^3 Lal_P 41 ( j*a ^^,^.]1 ^3 3^ C ^3jJLoJl Js 2 -^ajJLa 


Indur M. Goklany, The Improving State of the World: Why We’re Living Longer, Healthier, More (26) 
Comfortable Lives on a Cleaner Planet (Washington, DC: Cato Institute, 2007). 

Stephen Moore and Julian Simon, It’s Getting Better all the Time: 100 Greatest Trends of the (27) 
20 th Century (Washington, DC: Cato Institute, 2000). 

Julian L. Simon, Population Matters: People, Resources, Ennvironment and Immigration (New (28) 
Brunswick, NJ: Transaction Publishers, 1993). 

B. Lomborg, The Skeptical Environmentalist: Measuring the Rreal State of the World (29) 
(Cambridge, MA: Cambridge University Press, 1998). 
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c-i-pL a>j . 63 39 H ^ 03 bJlj c ^jJl c 71 ^j^JLil 

^1_P J ]g cl) 15 bl5 ^3 ^Jbdl ^-o-*Jl cJ^3? 

t IajLjc>-I L-J^p <1_>.bl_p 67 d)Vl .LsLp 31 L~oJLp 1900 

^JLjJI 4-yg-^s ^j-^bJl Cy° j^ *b^c_)jL? ^3 ^_) ^_Sd^ 


(30) 


^S^l*-«J| L^wOj ^3 


Lo 


j 1 - tj^y 


£•3 j^a,) L> cl)Nj ^.^baJl ^j-P “L^JL^jj ojJa_> <1)1 

C 4-lLkJl dJ3b-*> LaJ»2_P 1—o J1 4_l>Jj'yi ^_3 oL^s-cJl ~L*_9 ^_Lp pLfl-JJ wLj wLjJI 

3j_Jlj 0j-w2JlJl oL^sxJlj C 4 «JLp (JIa^^I Oj-*j ^ j-^Q *" 


. <U>j 


'jJl ^Ul oLj>- 


■a*D 


UJI 


L^jli c 4^s2>L>Jl 3^J->cJl ( /^p j}\ <ulJ| ojiajJl ^_la-*J ^ 

. ciUd5 ^j5\j 

^Sw 

(Andrew Wright) Oolj jj-Ll joJ ^ <^LLp »_jI^S^JI IJLa LU 

(Apollo Global) (Kerry Stevenson) <_£jSj t (Cobbetts LLP) i™-j» 

t (Nina Bryan) *^1^ LJ : ^ Jl Jl ( _ r et ! ^S’ jL-i i ^L>^> aj“>(jj 

LjMlJI jj_^L>^Jl . (Fiona Twigg) *_j jJ Uj_Gj t (Chris Tang) 

^ ■ * ' 1 ) J—* »l ~ ■ -■ ^ l d)Lw*o^M C^ljlwLs^j cl)L ^jLJLJI ^*3 ^ojJl 

^^>-jJ 4j LASvJ I (3j3 4 jj 5\3 0 3b 4 j *>bJl (-*)} y^J (1) LS" <bl ^»PjJl ^i_Pj .^IjwoJl 

c ^ J A^oJ-aJl 4_9 j 1 ^-^P ^ ^3^ojJl 

<_> 1x5" 4j 1x5" ^_^-P 1^I^>c3 C ciU3 pLoI diJ3 ^j^/2J>- .L^wLsIjIi] 

lii J-S’j t '- ; ^J cr^j-Sj t '~r ; J-=r' jr* 

c Oj-jMjLJl Jlo 3^-*3^ ^3). .jS 3^^ < ^ 3 -^ ^j-p ol Jujjj 

. L>-^g2>s (1)^^j LswU^P 


wL_^ ^3ll ! jlx^Jl 1 


)L5ol 


oJ-P 


1 ^^3^° 


. (Quadrant Dinner) 


;3l ySj (. (Sydney Mining Club) ^>-Lj^JlJ 


Indur M. Goklany, The Improving State of the World: Why We’re Living Longer, Healthier, More (30) 
Comfortable Lives on a Cleaner Planet (Washington, DC: Cato Institute, 2007). 
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-* «.(YPO)j 

(Australian Skeptics) 
i 4_JljJUaJlj 
Graziers Association) 

Ljj nz 


iJlLLfJl cpLj t (Minesite Forum) c~jL 
3GLj>^<JI SLAij t (Paydirt) JLjLJI ipL^>-j 

(WA Pastoralists and SLpjj 

t Reinsurance Rendezvous) j_w«LJl S.>LpI j 

jLccaNlj t (NZ Insurance Council) 
tlJjJwo-SUl (_pL >j t (Excellence in Mining and Exploration) iH-LScl-xMIj 
jvJlp j t (Commonwealth Club) 

_a_Jl j t AMEC t (Australasian Institute of Mining and Metallurgy) 

Royal United Services Institute of SA, iSA J SJ_>cc<Jl cjLjJ-JJ UGULJl 
. (Australia-Israel Chamber of commerce) LLI^Nl _ iJl 3 jl>cJl ii ji- j 

t(BobBesley) 1 (Nick Badham) ^La^L dll JG j 

^JujLa c~>IGj t (Bob Carter) yijlS i _>jjj t (Colin Brooks) ^JGj 

t (John Holland) J.U j_a jyrj t (Tim Hartley) ^^JujIa ♦J j t (Kate Hartley) 
Jjjj t (Cliff Ollier) c-LJIG j t (John Nethery) ^jU> j j->-j 

^Jl-p (Peter Whellum) j ^-y>j t (Jim Wall) Jlj <. (Rowl Twidale) 

^ - j I^^G IjlJiLo .slJLJl s-h/ jj* jjapl LG .csLaL*Jj jJLj csLGLa 

oGj . 3Js ^1 p 3 j-^-z oLL> ». ^SL ^ I ^z 1 jS j j ». ilijj jJaS" 

<c_JM ^ ^jwo c-Lowl—*Jl j-wpj s-L—L*Jl Jj_Jl L ^ S' *_jLG 

o*Ap! ^j^S-uJI 4*^1 j)_a t j> 3 ( J-«-P ^j-oJ tl)U j-*JU Lj 

.1 o^GG CsLs-l1^-is-pQ c CC-aj Js^-*-sas 


r 1 


iUI 


c$jjj .0 il jvJlj<^JI t (George Thomas) ^LjJ ‘ jlGj 

(Anthony Capello) (Connor Court Publishing, Ballan, Victoria) jJulS jij\ 
(Niam Attallah) (Quadrant Books, 4_JJUa_p t UJLkjj-Jl Uo-JaJl j-iUj 

jv-p^Jl ( _ 5 Jlpj .cJl o-sccL ^jJl JG ^jiip! jj Mayfair, London) 

^Z ^jjLpJ - ^_ 3 UlSnJ 1 lj_A ^Z S' t ^yji 

CGIS’ ( _ s Jl tiLjJa cjI^G t (University of Adelaide) JCj“>LoI 

cjLGjJ^ (Andy Lidgard) ijLpoJ ^Jjl JLG ,^>bS GLSlJ LjjjG> UsjL 
• 3JUJLC CC^j C->G LLj' LUi i)\S j , 4,Is>- LL 

.SLsJl jl i^y 3 cl )\j 


4_v2_aJI j-p L^jLS' c J-jUaJl ^ t(Maja) LU 


i^JLSCj 
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j-a t (Charles Rasp) jJjLU jo- Jjj-yaJ ^ 

^J\zS Jl (JjUaJl Ul O-oSj t jj-™SLoJl kiljjJlj _ Lya j}\j _ 4 ./g a 11 

f jjJiUl JS\j ^ JLil l$jl .{Heaven and Earth) <- L >_ll j yN I 

t JjyLlaJl ^j-o Jj ya-aJl jLS\_3*yi .Lya j' 

pLy*Jl tlh .^y>-l j->tj ^J_p LgUU*o oU>&Jlj 

loUS" ^2^S\J ^j-4 £03 

(1)jJJl c I Jj>- ^p?L>cU>l AJ%“ ^Jl . LJl (_£j^w> j! 

(31) 

(Professor i _ 5 ^_Jl ! ^_ r jL_>- Jlj t (Lord Lawson of Blaby) j-o 

t (33) (Dr. Vaclav Klaus) ur -j“>LS’ yi^LS’li jjO-S’jJIj t (32) Geoffrey Blainey) 

Oilaa>-*)Cs 4jlzS\J ^ O' - J ^>Ou Lai J I jjLS’ JjjJl 


Uo Jl 1966 Uo .pa Spectator LLU Ijp£ dJJi y Uo c AiL-r^Ul ^3 olj^o SJp- JoP jl J_*o (31) 
p_a j-*xJU La j 5L^ ^ JoP j .1974 Lu* jli^Jl ^ UaiL^ I j -2> p (Nigel Lawson) j jJ J_*J ^w?l 4 1970 
Jj>-3j . Lj Ul LIjiL ^w?I 1983 Aiy*i paj 4 LillaU Lj3 jijjj 4 UjiLlj ULU jj jj5” 1989 Jl 1979 

2005 ‘Cyyv c~*^j pJl A-pLyg-xs^yI jjpUl 3jjUl jUi»-l ajlp l y j.«,<gp j_&j 4 1992 al** o>l3jjUl Jl 

{A View from ^jU^- ^jy oL ij ! 11 pa 0 ^2aJ ooLlS” * «J1 j .^Ldl j. J«J 0 L 0 L 02 JJI pp Ljp Ippo 

(77ie Nigel Lo»j>JJ j jJ JJ«J ooUSj 4 (77ie Power Game) 0 jiJI Lod j t A/o. 77: Memoirs of a Tory Radical) 
. {An Appeal to Reason: A Cool Look at Global Warming ) j^Jl j\ JJ oijL S Jaj j Lawson Diet Book) 
^■^...9 L>j LLlS" <_Lil . 0 ,.*» ftS*)}] Ul ^jy y* AC ^U_> ^ p p- j j Jl 0 ) (32) 

j jiil jrr^ j 4 {Triumph of the Nomads) j-UI jUa^jl j (.{The Tyranny of Distance) A31U.I ilJUu-l 

{A Short History ^lUJl y£- j. ,/al L*-^ yS^\ »_jUUU 1 j c {A Short History of the 20 th Century) ^ j -£^JI 

. {Sea of Dangers: Captain Cook and his Rivals) <l-JUj i] jS ^JuLSUl ! jUa-^-V I ya yyj of the World ) 
C 1998 <Cyy*> J^JI l> JyL,0 . <Cwy*> 2lJ (jj jUyO <L*» L>- ^3 ^ 3 L/O.^9 ^ I ^tJjUlj J U I ^ Uy9 I ^ I Jj 

4..,l,^«/g.l|-Ul jJLy*<*y I AL^gJl J C k ■>^')! I <LL_A C Ul j^Ly*«l ^U-^- 1 UJ 3 ^3 Loo lytU JO jo> j5\Jl La j5L>- J^l J_a ^>1 jO J 

.Ul jJLoaJl AjjJ. <uJg jJl 11 j 

jl5 .ULJLiJI Ljj^oJ- jlUl ^^1 j (2009) ^jjjSfl 31^1 ^j*^ U^li jj^5jJI (33) 

LpUa^lj (2002-1989) j^jJUI ^jj 4 (1992-1989) ULJJ I^Jjj 4 (1997-1992) *!jjjJJL~$j 
‘Lwoo^UV I ^3 3L/?."9*y I U*y~ujoa ^3 i^_o?Lwa 5 J jj . <u5" I SwP*U.I oloV J-^lj 4 UiUaJj 4 ^4 j-J 

4 upu^i Jl yjJ^s- yo jLS"! ‘i_y j-^U-l LS’lij-UUwXJ *2-Loj ^jJoJJ j-CUU^Ul 

Jp J. «/?■>- LUj 4 ‘LyULU.I ^>jLU.I ye ye j_y*< (J) (jUjJ>- oJjL>- J-P . 3 L/1J 4 A_y*>UUlj 

{Blue frl 3‘i - 5*j^” ooUS" <— Ll J_a j-*J 4 Ulj3 ^j-a Jol jJ>-j OyAo-LP olj yS5 d->l3Lg_Ju 

Planet in Green Shackles). 
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<yliM 

♦♦ 


ojlJjLoj Jl ^L*Jl j»Ju <Pjl Jjfc ! Jl 

V :yl^JI 

^jl c5*X^cj 

V :yl^>JI 

^Uaj ^ jl5- j<lL>c-wm«^J! ojlj^cJi ^j2j ^Jb& ; cJljj*-** 

f^JaJl ^Jdl 


jLl^I 4jl*^o ^^Jlp! o^^>-'^1 i)w\_J->cJl 5 ^jjJI (JtAJ>- ^>t-Jl ^cJg-*.Ai ^jl5 
oL>ji ^*>\J L^> ?•!j_^Jl ojl^ j>- d-JLSj j_Jl j_a Low* 

iOjl wLwL>- £J>-I j-^J . L^-LS" l$j| j-^P ^i-^Jl 0 _*j>-I j-JJ . ijjJLa 

^JLpI ^}\ jL^c-j^Vl c^w«j5Jj .jl j_^>J!j oLjJI j_>3 Lo5 .<« J'yi 

oL_>cJl o^&.Sjlj • o L^JJ ( jj>l j 2 j I <Ufcj ^jSj J»jj ( _ 5 lf-l (_yHj OljJj>tl*Jl 

<u>»j /^S\j .^jliJl ^^Jl J-J.9 .lIU-a jl5”j t^^?jMl ^Lp 

Ij_^J jj9 iji* jJJ.} ^_s ^_>Jl ^Jj CO 2 i)j-> j-5\Jl J-w^S”! ^LL * _ sjJLj 

.LuJ» ojl Ml jl_^MI 


. ^JuJl 


aU 116,000 J^i 


-Ml j_L>^JI Iju 
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SjI j >cJl 4j>-j3 C-w2Jl>olj .^>c5l ^Jjj 4>~dL>cJl jL^jVlj 

bbJl L^_lSs-o-j J ^l)I dlijj collij-^>J \j oLjLjJI o-Ldolj ,y> c-Jl 

^XJlpJI j .y2-*J 1 0 J-W23 Ol ^3 1 ]Ll& C-olS J . C—5> J->l 

c 4_sL>eJl ^_1 _p I ^Ipj .o^j1 SwVjwLJi <_3jJ? ^3 4a_j ol jL^jI L^-*wo 

J.LJI J oL>Jl JL3 J»P 

4_*_o ^^w*» J jl j *>~I 2jLLk jl5j .^»Lp 14,000 ( J^ ^^joI 

^J-P I130 jP* c-Jl ^r-)g ,*ai ^ jSL^a ^fijjlj .^>c-Jl (_£jJ3~woJ ^j*j-t £4»4jjI 

jJl .Jl o-oj j oil! y *>Jl oj c^Jp! J 2 I 3 


Jjj oIjJj>«JwoJ| l 3 ji jl>s-JI>Vl 0-*-4 jjIj .j»l*Jl J Jj>-lj ^3>33*< JjjUJ J 3 V 


^>Lp 11,500 ^Jj 12,900 ^j-a \j^j>- o3jl_> olj_i3 ^3 4 _pJj^oJI £3J_>I 
^J_p oL^J! ol o3_a o5a_*_v^j .^.yg-» ^»Lp 8000 ^Jj 8500 toJ->- 
^Lwv5l ^Jj cj5j c L&jLILijIj oUIj-^JI j obLjJl cjj_1_pj 
j^>c-Jl ^r.lg ,*ai ^ 1)15j (J L^>- 43 JI ^3 4 jJ»J»>cJ| jLg_>Vlj ^bJl 

cdl5j .jMl aJlp j-& jjj^> JlpI j>Lp 6000 Ji ixib o^i J*>U>- 

.Lyg->' JlpI ojI^pxJI 


£UjSl i 

Cj 1 J-> 


r 5 


.b j_4Pj c5 y^-A 3jL> ^Jj *^b ^LloJI 

.p-»3jJL> oj-w^J ^Jl ^j-3-wnJI c- 3Jl cJtA5“ u^ 3 4 '-^-^ < ^l 

jL-gJl ^Jl dUi ^^1 j 3%wJl JwJ 2200 j»Lp iLw- 300 ojjj>I cJLi^ 5^5 

.jLSLJl oLjjJ^I j^'yi 

^tA-w^Jl J-3 250 ^Lp ^jLoj^| jljji^-'yi o^33 ^3 ojl^>cJl 4^>-j^ cJL5 

oJL5j jSlI ^ JlpI JiSM Jlp 3%^JI 450 ^Lp Jl 

^L*Jl ^3 J^ld)l5j t d)l5LwvJl 3 J-P ^3 -bl^j Loj5 Ijl5^“! ®di-L> 

C cl)1 {j~a jZS\j jd51 4 _*_Aj jJljw* Jl l.g 1-fl j jCol ^3b J-bs ^3 4_p|jjJ|j 
d^Lx-ol jJ cl) j51j d)l jl^1 Iwi^J (1)5 .oLLiJl c^-^dlj 

.jLoJ J 3 ( /^s I)jjJsJl wb-w»5l 

L^-3 cJ3v^ 5_) 4_*^jli OjL 0 j^3> di_L d-ol5j . doJddoJl j J, 3 , -*J I f-L>- 

C (l)L5s-wJl 3J-P ^a-gbjj C <3J y>-J C ^y^l^slj C 4 _pL>c_>3 O^L^a»J cJs_v^L>c_^J| 
J-jJ—J i ^-pL^jlp-I iil-LA (jL5j .^LjJI 5jjl5!j CwbJ->cJl ^L*^oIj 
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b_9j^l ^3 dJ-d_> ^-LwoJl ^jA djLLyflP J <• J ^w2_*Jl 

.(Mayans) LUl ojU^- Jbo CjIjLs^2j>- OjLgJlj .^LxJaJl ^jP 

.^jVl Jlp SL>JJ Ldlj Liij (1300 _ 900) jJl jl j^A bl5 

^bjLSbdJ ( yA SLa bs C y >cJl jl^lj ^Ul ^obb? C—V^2 _LAjJ 

C <UdLoJl bb-bsj t ^<*Jl 0 -^w*i1jj . AaJ3j jA ^3 jl yC^J^ \j ^>cJl 

C--j liJ 1^3 ojl j>z .Jl aj>-j3 CbU ^Jl Jj*)bo^P ^^Jlj <• £jlj-Jlj c ^JbJlj 

b^J 1 c~*b Jjft C-olS” o3jb obl ^jA £'^Jl ^Jp^ .^^Jl Aj y$A d3b>-^3 

.J-ib d-> lp L>c-J I y b>c-J I ^3 ^j/2JlJl bU C J y^LxA J ^_>-l ^3 blp 

ol jJLs* ^jA J ~ijA ^b*_b^/ ^b*_Ul ^jA \a Jl_L& bUj c b JJJl 3 Jp 3bjl 

f-ljwJ cJb^>-Vl J -«P jJ yj (^bJl ^L*Jl ^3 Jp\ ^i^/l ^JwO-ddJ J 'J-** wbl ^jA ( /j-obbJl 

*y j .LwoJip ^ia-^ijji jJi jijd>-i obo .obojUJij cSjj^'yij coUjjjiSsJi 

.j! lb_& Ji CO 2 b^^^^ d*-wJI ^jb dj|jlwL^?l 0 bl ^^o-> 

JLbJl ^3 cl)L/g^j ^0 jJLp kbJlJl b j£}\ ^>-ljl ^3 jJk^ i^jAj>- j*/3 P Ijl» 

J*>b- <Lolp J-P o3jb Ol jZAjy ^Jjl C_Jj2j AP^vo ^v2^Jl I b_& ^-vJlJ .I 

_ 1795j 11715 _ 1645 c __ 1450 c 1340 _ 1280) ^-^JJl JLbjJl Jj^ 
^3 a 1 i)\S j .LwoJIp ^IjwoJi ) jib j .lwd>- bjl_> ^_>Jl i)\S j .(1825 

0-l>J .(jbs-^Jl 3J-P ^3 J ^ J~^~J ^ ** d^b>c_>sj C ^jwws^ 3 L>c_^J I 

Jbl ^Jl (1 )j_*jL>JIj ^LloJI j^jbu b^3jj>cdoJl bxJ_^ c ^pLod>-! y^j 


jJL)\j .^w^gdJI JpLJLl)! <^JLX^3 ddP j»L*_laJl jbt-w-l 

.oLj>cJJ lwL^>- L»j t wbbbj^P ^3 (bj>s3ljJjbw«b/1) J^dSsjlbJl 

jl^Jl oL>bf! t 1850 ^Ip j^x^a .Jl ^J-b_>cJl j_v2_*Jl ^^Jol 
^_jjLJl j+ILjj .(^b>L>Jl cuijJl ^ _ 1998 j 1976 _ 1940) o! 

.j^xSa ^[^aj b ^d*_) Ibl Lj>- 

.|jj>- Abb (b^wl>bl o'y^l bbbj ^lll AjabiaJi CjI^ blll b|j 

^_3 O-Jwds- ^_lJ 1 CjI j_—idJl (J^ LajIJp_^j ^LdoJl j^xZ oN-L^-a b) 

ji jJj 100,000 ji ji 10,000 ji ji 1000 ji oijj^Ji 

^3 bo lp jJJ j c ^^^bdL^-'y I jl I j t ^^bJl j j»bbJl ^3 Ul jbJ j-SsJl 

jVl ob>Jl 

C LsbL>- ^cJLo ^_^Jl 3l^Jo'yi bl b>- y+S\j ^jjLJl LJ j»^o 
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^3 Lv2_s1jJj l Ljj ^ j-^lj-*l j <• oLpL>t>jj c ^LwoJl 5j c L^Ldu>-l 

oj_£Ojl jJLs .jl cjLjJJ L^l^JLI j c oIjLv2j>cJJ IjL^_>Ij c jLSL**Jl 3 J-p 

Oji^Jl olij^l ^J-yg-31 ^3 LJjj .AX 5 I 3 olijl ^3 4^Jg_*J| oljUa^Jl 


^j^sai ji^Ni ji uaui o>jVi 


OeJ ^ jJl wLJ>- jJl j-JLJI ^JcC>cJl LJJ 

• ^ y!*r+^*~ I ^ ^ ^ *-P I 


<sS ^_So C LU>-LLa ji_J.5 ^j-vwJj .4_L*_4 j La |*Laj 
^LdoJl p. ^ 3 jl ^LjoJl dj| j^xSu £_3^-*-Jl 


0 ^ Jc d l bJb>-lio 

^LuJl jj 

jJUl j^2 _*J| ^3 J-L>dJl <L/3«9 J^Udi .^j’LoJl jikJl jj3 t j-a ^LoJj>cJl 
J^l ob *Jl, i]bj& jlS Z 34 ’^ j»U 30,000 Jl 35,000 ^ ^JuJl 
3 J-P 3bjlj t/»Lp 14,000 JwJ J-L>dJl . k a 3 ^jVl ^^-Lp ^-*lJl Cy 3 

^\ 3J^Jl ^jjIj <• jcd*^ 0 ^ ^1 i ^-j a ^Ip 10,000 (JjL>- ^<Jl*Jl jlSkJl 

, (36) oljUi>Jl ipljjJl cJLi^SI £. j»U 2500 JS LjJLi 150 _ 100 Jl 
_ 118,000) j^-^l J_L>uJl (J>Li>- 0 JwJj LacJj_*^jj 5jlj->cJl ^>-j^ c-oLLj>-lj 




La (J j_*~aj Sjl j_>cJl <d>-j3 *^_3>Ld>“l jLS' J .(<» 


r 


Lp 14,000 


.<LjJ j>jlj ^U-s^ 5 LoJl 4 j-L_L>cJI CjI jla Jl 


CJ->c2o t (JljLoJl ^_LpJ .LdLw>C_> ^jwoJl jl ^JjLJl LuJ 

L»j I I ^3 0 I ^ L^ww-I I * 11 ^3 0 I L®j ^ I 

^Ls^>cJl ^-*»ljJl ^j-vjJaJl .j^Jw2Jl ^J-Jj>Jl j^£. 2_*Jl j-^P ^jjLJIj 

^ 4_pL>^<JI cJdi jlas ^^pljjJl olp j^>^<JI 1697 j>Ip 4j>jLJI i^Jl 




La 0 2j jN I 


^JLdoj . 


(37). 


jLSLwJl 3J-P <lA5 


,1697 aU IjjJcJ 


.<uJaJJ i*jLi y> jisdj Lj-U^- LjlJbf- j^a^Jl j^5L (34) 

William James Burroughs, Climate Change in Prehistor: The End of the Reign of Chaos (35) 
(Cambridge; New York: Cambridge University Press, 2005). 

M M. Kremer, «Population Growth and Technological Change: One Million BC to 1990,» (36) 
Quarterly Journal of Economics, vol. 108 (1993), pp. 681-716. 

William James Burroughs, Does the Weather Really Matter?: The Social Implications of Climate (37) 
Change (Cambridge; New York: Cambridge University Press, 1997). 
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( 0 L5 ^ C —■* ' ^ -*^y^P wCw£ ^ ^ 1^ 4_) 0^»*3 

^/ 2 ji^>-I 1400 j_>cj 5jjj1 S3jL> *—j-^5 <J^l>- *•_-J^l JL^- ^ 5 ^ c^jLwLJjsxJ! 


J_i) (Riss) ^j^-ijj c(S_L-w- 50,000 J^J) (Wiirm) pj ^ j^l ^ 

J^J) (Giinz) jJ^j (aLp 470,000 J^J) (Mindel) Jj^j c(fU 150,000 
pji_JLoJl jj_v2j>cJI iiljwA jl5j <. j-*Jl c.-> jLj p .(^^-p 650,000 

.oUUl oLo- O-J-3 j 4j pJ 1 oJL>c-a (» J ^ I 4.0 j I CjIw\_L>cJj 1 Vo.*/?} 



Sj!jJ-l 4^-ji j^Jaj 50,000 J^b»- l^J-L*-«j ojljJ-l 4^»-j3 jlJdLo ^«Ju ! 5 

jlj . b 6 5^^ Ijl^*5! 5^^" 


. jJc]\ ^.Xo %J3j IJLjX>- 4—Ull 6jl 


oloX& ?jL^)M ^3 <Loi^JaJl Cj! j-wijJi o X& jJjjJ (J^ 

^\ d)l^-^Jl 3XP ^5 ( j^23Lo LgXs ^XXj (J^ 1 ^A-P oL^PxJl jALl 

4Jw£ ^X_) 3jLJl ^L uJI (1)1 t dL>-LwA> 4 J 3 I «Uj X»>l?4_*_> 

c (JlXoJl ^^A-P £^3lxJl pboJl ^ <l)A^-**Jl 3J-P ^3 ^/?La5cjI 

xUcJl ^p J^U- ^Ip 28,000 Jl 32,000 JJ <&b 5 ^3 iSlx* cbl5 
jjfcj) (Cro-Magnon) ^jJ j>-^AJ j~£ ®^xaJl oJu* ^j 


(Pleistocene Glaciations, Sometimes Called oIjJl^- Dl~>-1 <• y~* 4j olal^- (38) 

the Quaternary Glaciations). 
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^3 ojS i^ ^ ^3 1868 s* oL>L5_> ^jjLJI (J^ 

oJ-*_jj J_L>cJl]| li-il OI^L9 C^jLS”j .IjjjjI ^3 t (Lw*uj-9 ^ 

^jjjJl ^ y>-\ ol>j-« c* +/? a j>l_p 11,000j 114,000 120,000 

.flp 12,000 JJ iJLJJ! \SjJ\ J\ LJ ^ oy^}\ Ji* c^lSLJl 

^J-Pj ^JlUl O-jIpj J^j>- .j-JLlaj 4_>^jJI aJLL- o (J J>-l C^_*JLoJ 

j^jJi j-^ ij^w^p-i (j! ^s* jJi 

| /^jj wL^ ^Ijw^ Cj| J^XJ (J *}\j>- IIp ^jjjJl 4-alp J^SL ^-1.3 t^LtaJl daljj.3 


(39) 


c 


LJI 


ijj 


J 


JU (.3*)L_aJl J^_3 347 _ 427) oj*_>JJiJl ^jL^JI *_ol 

La - 4_a. ]j - 1 a Ol^JLS .j-a-va LG J_>a_: j_SU I j\y^ Nl l)J ( Timaeus ) ^j-u^LgJ? <A 
j! (Critias) jjJa*>li! ./? -1 ^Jl S^Ip (_g->jj 

^J-^-9 322 _ 382) j la -ajl oJ_^a-L) ( J->a_-aj . <L^jlU ^^LSTj - - - —J oJ_g_S” daljl ./? - 3 

j! Jjis . (Meteorologi CCl ) ^3 ^LtaJ I ^1p <\J .3 1 (.3 *>LaJ I 

d-'jLS' La-G^J t 4_plj^_U 4_>c_Jl_aa J—P 4_>c_«-a o3l_J ^j_ia *— J J *)L>- - )LS~ ^j-a^-P^jl 

^Lj . (Mycenaean Times) 4 c ^™ r Jl LgjJ')/! J“>L>- iwa i~j 
^ JLiidl i j lg.ajSl Jl^Jg y& j <. (i*>Ljl JJ 287 _ 374) (Theophrastus) 
‘cS'lji JjLaJl (Crete) c~> JL^>- j! ia-^*>Ls (Deventis) l _ r GLLs 

ol-S'j t oJ_Jt j-LS”l 4_-3 ^-ctS” ^-Dl C—sjJl ^3 pLlLJI (Jj —a 3 c-oLS” LaJ^o t L 

4jL 5” ^3 ^a^JU-alJa>-N La-S” .o^5 nj lg-3 JasL^Jo ^JjJl 
jL>^il ^v 1 ^LL_^Jl i^-Ga ^ jl5 <u! (De causis plantarum) 

.L^JtLts ‘WaaitGaJl 3jljP>Jl .jSL t 

LSLcG-a jj (_gj (_£.3 ^ (Columella) “>L-ajJ jS J±a j^-LLa jj ^LS Ja^-Nj 
t_^-*Jlj jjJtajJJ ^t-LaaJ ^j Ijl>- oijL; CALLS’ J-laL_a 5^>j j! (De re reustica) 

^J '-jjjj' j J Lr^'- 0 ' •'-r- p J 

L^wLLP L^3 5jj* j^ojJlJ 2)1 L&JjLo—*i! (JwL> oJj>tJL<>Jl 4_^J«^^Jl 

.li^l ^LuJl jl5 

^L*Jo jJ*>\ y& L^J ^)Jl Al^JjVlj ^ia^jJl jj-yg-xJl ^3 ^Ul j_>“l 


F. A. Hassan, «Climatic Change, Nile Foods and Civilization,» Nature and Resources , vol. 34 (39) 
(1998), pp. 34-40. 
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t Aj 


b^S 'j ^Lv2^>cJI ^.jj !j b^-O* o> b bJ I L^-3 ^c sj£j I ^cjji^Ji ^Jb» ^b w<Jb 

(1)1 ^j_» p jJl ^_Lpj • • 4 '-*-^“l ^-jj J-L>c_lJl .ibojlj c bbSJwsJl Jj_*_j 0>b>L_^j 

^3 0033 <ba*yj oL^bo ( /j_Sb> ^*J bg_b c ^J^c-wvJ OoU ol^w*Jl 
obSbJjCow<Jl ^_3 3Ly2_>cJl o*>b>c_~jj c a«JL<JI oL>Lw^>JIj tSj_o % yi obb>^> 

C A-aj_Sb>Jl Obb>t_~jJ C <Lo^_>lJL)l (Oljj^lj t <. ol1 ObL>t_^j c *OPUa_9^I 

J t^jjbJl 0>b>c~Jj CO ^0<Jl ^>cJl J j_L?J C*^jl j-Jlj ( Jj4>oJl ^jjbijj 

oLloS”j c ( JuJl jLu-1 j cjL^j'yi wLo^>cjj olijJaJl ^bv^jl ( j_p ob>c_>j 

j ^0*-bJ bp jJO 




. *._ > I ^>S 

aJI .jJo>JI ^_>jJjJI ^toJl o*ilj obbo ^i-p ^Juv2^>tj (1)1 boSboj 
^9 ob*o^ilj b&o ~j L^Lp oo*_> ^ 1 U ^*_o 

c ob*_jO_o*w<>Jl j tjL>c_-Ji'yi obj2_b>-j c ol j-w>c_JI ^Ijjj j->c—Jl ^L£ 

<> Ojjbjj «L*_J J-** CO I j-^xJ Jl bJ t LL>E-^4^J A^J>C_}jLj 0>bj>C_<-*>J C 0->Jlj 
(_£bJl ^OvfiJl ( J«3 o^X j2j aJL J*> oljl j^>~ 1 Coo>- U5 . t^*-P bJI ^3 ob> jj>~ ^LJI 
b)| . b*-*J^ cjl cj^i^^Jl JOJl ^jlbJ bl~o)M 0*-*-o aJsjj ^5bo-> 

.^jjUI^ ^^-L*Jl ojbb>e_^vu L^o-w*ij l^-J-p ^31 + j 3 ,a AJLbJl oij ob^_) 43 ^*_Jl 

^ jlJ lp j j-jj-^Jl JL~~s1 ^ll! (jLJ)/l jl5 0\j 
|j-& cl)l IjJ^-o OwLg-S" oIs-Lp^I cl) j_pJ_> ^j_>jJl ^_L*_9 (. (1)^Ijl 

.diJ^ w\j>-l .^cwJaJl jl^Ufij ^jL>- jl jZs *-*)}I 

oljji ^Us>j! (40) (Ma) S^Sfl j»U j^U 2.67 Jl cJUj 

oljjL9 j_*i^p iJljjfe jlS” j>Lp 730,000 Jl J*!Ai>-j .aL^>-L>-jJ|j a_>wLJ->JI 

0 J-& O^)b>t-wo Aj J j J^sbo-) J .AjwL_L>- ( J^o J Ol ^19 b^-O ( Jwv2j2j A^Oj Aj J-Jj>- 

^9 o3jj>-C jb>cJJ A^o-Jl ^Jl ^9 Jb>- ( Jw23b olJ-L>tJl 

JLjJJlj JwoUJl jJ-pxjJl ol jOjj .bw<Jbp oU ^bw^Jl } ^olla.»>c-^Jl 

O^JI lb) ^j ,Ja^>e^JlJ J-Jj>Jl ^j-o Aj jj>c-wJl J^bJ ob-bo-*_; J^L*Jo 

^9 Aj ob>-j3 woj>cj li^l AA>b-j Aj0Jj>- bs Ol^X9 OolS" 0-A9 c b^J^jblI 

.4jb>Jl AjjJl>Jl ^j-o bs S ^jjJl ^9 jNl ^uJp b>-« A^JajjJl ^jJloJl 


.c_jlx^Jl j^^j uh*^~° Cjh*^° Jr® iJ iMa jL/g.:.?-i c_3 y~» (40) 

C. Emiliani, «The Cause of Ice Ages,» Earth and Planetary Science Letters, vol. 37 (1978), (41) 
pp. 349-354. 
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90,000 cJ oj jS cca ^jS\ jl-La j_> 

0j-^° ^Lp 41,000 23LwA dol5"j .jl^I p 10,000 4_ *Sj s jUI 

0 j-J-oJl <J*)L>- cL^wowJj ^Lp 1500 ojj^ 4 JX 9 I .5 ^Lp 1500 ojj 3 o-baljJj . ^ Lp 
^Lp ^>c-j ^.Lp o5_a ^Lp 1500 _Jl doLS"^ c 'b/1 ^J-p o^L p 

(_5j_9 Cb~»5"j 4_>^JLa Cb L>-j3 ^4 -AjjI ^ojl^->cJl djL>-j.5 ^3 Cbl j^-xS-3 

Lo-5" .(JjJ^Vl (4 _jj_J->cJI ( /^o La) <^_>-L>-jJ|j (LjJ_L>ejJl) LjwLwL>JI o^_ wJl oljj3 
t LaLp 33J C Lal_P 90 ^Jl 80J t/»lj_PI 210 ^£J-a ^^J»P (_£j->“! Cb>ljj3 

c)^L>- t ^LwoJl (jlSj • <5_Lb>c-a oL>-j 3 L_>-Lwa \J^XJ Lalp 1 1J C Lal_P 22J 

. 4 X 3 I 3 olijl LLo ^5"! L)^5 LoJwo tlJj>- Ij^*xa tojL olijl 

L>i JLlo-JI ^_Lp) 3a_oLS"^_ i dj|jL>c-<ij| ^JJba Lj l-L^-1 L)| 

Ijl5 j 11815 aIp l JJr aLj c736 a Ip JjUjj c735 ^Ip 1^151 J j c^l p 74,000 
^SLjo^SvJl ^2 ^>j>iJIj jL^JL !)LoJ (736 aIp) oLJj-a jLIj 1883 ^Lp I^jIS* 

OljlxJl LbL*—)'!/ ( /jSLo->J ^ol <C-a ^wvwo-*lJl 

• L jI G I C 1 0 I ^^ 5 ^ ^ l C ^*^ *5*I^ ^j«a I 

j-*_> ^Lio-i ^xJl 4j,2_j % )} I cj>cJ Ly^LLIj *>L5 o _x4j>cJI ^-LLyg jj 

^L^>JL9 to oLw<jJ| wki -LXj (._LaJj_Pj a-LoJL> 

oj_& ^JL).o^jL oLwo-i oLL^^J 1 j t '-^LjJl <L^^wJgJl jJ^LwJl (_£cjLL yg.^a.11 
^LwoJl ^«/ 2 J dJUa^>c-x>JI ^3 li^! AJiSS 4_>cJLa oL^a ^4_>J_*J| o3jLJl oLwoJl 
4 JjJ>c-wvJ| Ja^J>c^oJl oljlj ( JwAXjJ . ^jj2-x~ Jl Lg-yg-^-l ^a oLwoJl .Jg-lx^cJJ toL>t3 l^jL 
O-b*- jj J . 4_>cJLa oLa j A-^vwOwL’ J jl J-a ol j^xJ J i ^l_> j] 1 L^_*_S Jj ^Jl_xJl J^>- 

PxJ cj la j UI ^3 0 J-P ol J>3 IJ-A 






-pS I jl^1 


0 ^wa 3 4 X 3 I 3 0 ^3 t j»lp 125,000 Jb-J t ^j-o La (1)15* 


c - 


-J>-'yI J-L>ujjl t >Lw2j2j j55*1 (^wba ^Lpj . ^^J-5 


Dansgaard-Oeschger Cycles. (42) 

M. Blaauw [et al.], «Solar Forcing of Climatic Change during the Mid-Holocene: (43) 
Indications from Raised Bogs in the Netherlands,» The Holocene, vol. 14 (2004), pp. 35-44. 

G. J. [et al.], «Last Interglacial Climates,» Quaternary Research, vol. 58 (2002), pp. 2-13. (44) 
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$jj\ oL>t5 ^>bJI ^Ip 14,700 j->tj Jb^3 ^>-L<i>s 


J' 


^lp 11,700 ^Jl jJ>- ( Jw3 ^wLjjSxJl La 1 JL» (1)1 J-*_> 


f 


Lp 13,000 


oJlSo 

JaJ^ ^-U 


(49)(48) 


AjVl li.}! Jljjl OLS” C ^>-Vl (_£j^l>cjl /^-O La j^2J«J| 

J_i Lsilj c ., Ja 4 ]l oL^-ji C~~J liil ojlj_>cJl 

(51 

j* 


116,000 Jl J 130,000 ^ (51 ) ^Jl>JI ^ U ^l*JI 1* jcu' (50) 

L 


VI ji^Vl 


^£2_j2_: 


J? jJaj>- 


^UJl ^JLsJl jL5j / ^Lp 125,000 J^i SjjJJl ^ ^Lp 

'I 4JL^j ^Jl <L*jjL> ^^JlpI ^j>cJl ^L^aj 


(53). 


jNl 


Jr* J 


Ll.1 


^Ij <4Ja>- ^jp IJj>- OwL_*_i JJJ?Ljj C->L*j>4 y jL>t-J»'yi 

<_™JJ .4Jj>c-s^J jL>c-o oUaJca 4 A >tJja J^tLwA CJj>c-w^lj / ^jL^>cJl 

Iwb^< lJ^-LJ| <LLl^vwJwoJI ^IjVI (V^a 

^LLjl IJ^j t ^j>t-Jl ^-1? o ojl j>- 4^-j^ ^ j =>v ~ i 

4j j«**Ocj>J| <LwJaj3.Il Ojl^J>cJl 4 j>-jJj 1-v2j 1 Ja-o^jj . ^jL>-^ oJl (_£^j>c-Jl J-^>cJl 


. (Late Saalian Warming) (MIS6) (jLJLJl jl jpVI (45) 
Kattegat Stadial; Heinrich Event 1. (46) 

D. J. Beets, C. J. Beets and P. Cleveringa, «Age and Climate of the Late Saalian and Early (47) 
Eemian in the Type-Area, Amsterdam Basin, «The Netherlands,» Quaternary Science Reviews, vol. 25 
(2005), pp. 876-885. 

G. J. Kukla, «The Last Interglacial,» Science, vol. 287 (2000), pp. 987-988. (48) 

B. L. Otto-Bliesner [et al.], «Simulating Arctic Climate Warmth and Icefield Retreat in the (49) 

Last Interglaciation,» Science, vol. 311 (2006), pp. 1751-1753. 

K. M. Cuffey, and S. J. Marschall, «Substantial Contribution to Sea-Level Rise during the (50) 

Last Interglacial from the Greenland Ice Sheet,» Nature, vol. 404 (2000), pp. 591-594. 

j-o La i (IJjJ j_a>) (Eemian Interglacial) oL^^M yj La 2 jJl (51) 

(Ipswichian jL_J- j— <jxl4r' yj La J ./? «Jl t(yL*_LJl LSj-wJ) (Sangamon Interglacial) j j_«LiJL~« 
t^JVl JLw>-) (Riss-Wiirm Interglacial) ^j ji (jxJjLl jy La j (SwLxjdl LSLLdJ) Interglacial) 

t jLww^l 5jL(i c Lw^. 116,000 Xwoj Marine Isotope 5e yjy\ LL>- y> y oJJj>- -(L^jjj^I 

• 5d c - J yj'y~ < ^L > - y* ol Jj 

J. Schokker, P. Cleveringa and A. S.Murray, «Palaeoenvironmental Reconstruction and (52) 

OSL Dating of Terrestrial Eemian Deposits in the Southeastern Netherlands,» Journal of Quaternary 
Science, vol. 19 (2004), pp. 193-202. 

K. M. Cuffey, and S. J. Marshall, «Substantial Contribution to Sea-Level Rise during the (53) 

Last Interglacial from the Greenland Ice Sheet,» Nature, vol. 404 (2000), pp. 591-594. 

D. R. Muhs, T. R. Ager and J. E. Beget, «Vegetation and Paleoclimate of the Last Interglacial (54) 
Period, Central Alaska,» Quaternary Science Reviews, vol. 20 (2001), pp. 41-61. 

G. M. Henderson, N. C. Slowey and M. Q. Fleischer, «U-Th Dating of Carbonate Platform (55) 
and Slope Sediments,» Geochimica et Cosmochimica Acta, vol. 65 (2001), pp. 2757-2770. 
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.d_oJLp d>J-dj>cJl ( y*j La o j?JiS\ o j_A CoLS”j . c_^_1_3 

*oLs_Ow^j <d>c_L> ^jLav2j olia_k >3 Cools' I ji^LwJl dd J_> C ddJl^Jl La 0 ^CaJI 
^y?,d 0j-a aI?J^_ v2-aj ^LJL olia^a L)JgJjg t ^lAjj^iJ ^IwUj^L 

^_*Jl Ja_>~ ljJ_>(J-^ t l ^ ? o jCaJI o*La cJt)L>-^ . 4 _^>c_Lj ^jLlvAj ^-C-wdl 

Ljjjl <_£^y>-l o^ AAdSdl oLUJl d-Jg-Pj t jL>c-JoL *1 yL^i 1 Jgj>- IJj>- wdxdl 


JA JU-^JI L_1^2jJl ^ U^J c (62) -o^uJl ^Jlo-JIj 

jU y-*^\ d-oLS" c la A 3 Lo jjjl (jLo— S> ^_3 Lsd yS>J^\ ^j_Ss_» j*dj o j_^Jl 

ij y*./2,>zJ* *J jlL)1 dlJ.5 ( /^oj td'-Zl ‘dip Lo-a li^lj t L/2 j 1 dil.5 

jlSj cLJIp j \I lJu& jl5 JU»» . -kii *1 1 Ja_>- ( /^P oC^j J^lalCs ^3 

(1)^1 dJ-P ^_A Lo-a jLCal d>*)L)C ^J-P1 doLJl1 ^>c-Jl jJCwvoa 

o_U- (^Lp 121,000j 128,000 ^ ^Ur^Jl ti^-Jl ^>J' LJj cJiSfl Jlp 
LJLjj / } jL>-1 J_>- OjL> (1)S/1 L^_3 a-LoJl ojld>-j^ ^jJgLda ^_3 
.Li>yl (jjd. ^ (Homo sapiens) jLJ^/1 to^jaJl oju* 


(61)(60)(59)~ 


16 (j^x^S ^[j Ol]g...>d 1 d^A~*u iJjfc j .^LJL 1g,a«oj oUa^xil ( j^o 16 C u ?'-~d'VI yyy (56) 

16 I 18 Yl ‘Lwd .18 i j^>c-*~S s )![j <lj w p ^....^_)^ (Ca^ s -~-5'I) 

^3 f-lj_gJl ojljJ>- 4 j>-j.5j p-lll ^Ja_w« ojljO>- 4j>-j3 ^oL~ol- 4_dL*Ji ooUlj-ol-i L^- 1 ^LJl ^^3 
018/016 (jL<oo^*<l 5jLC| v ^lx5vJl IJj& ^3 <—~Sy CJ j .^LJl <U3 ]a„a .w ^jJl c—sjJl 

.<LoAaJl ojl j^-\ 4y CjwCdJ 

J. Mangerud, [et al.], «Fluctuations of the Svalbar-Berents Sea Ice Sheet During the Last (57) 
150,000 Years,» Quaternary Science Reviews, vol. 17 (1998), pp. 11-42. 

D. J. Beets, C. J.Beets and P.Cleveringa, «Age and Climate of the Late Saalian and Early (58) 
Eemian in the Type Area, Amsterdam Basin, The Netherlands,» Quaternary Science Reviews, vol. 25 
(2005), pp. 876-885. 

J. -L. De Beaulieu and M. Reille, «The Last Climatic Cycle at La Grande Pile (Vosges, (59) 
France): A New Pollen Profile,» Quaternary Science Reviews, vol. 11 (1992), pp. 431-438. 

B. Aaby and H.Tauber, «Eemian Climate and Pollen,» Nature, vol. 376 (1995), pp. 27-28. (60) 

G. Caspers [et al.], «The Eemian Interglaciation in Northwestern Germany,» Quaternary (61) 
Research, vol. 58 (2002), pp. 49-52. 

M. Gascoyne, A. P. Currant and T. C. Lord: Ipswichian Fauna of Victoria Cave and the (62) 
Marine Palaeoclimate Record ,» Nature, vol. 338 (1981), pp. 309-313. 

M. R. Frogley, P. C. Tzedakis and T. H. E. Heaton, «Climate Variability in Northwest (63) 
Greece during the Last Interglacial,» Science, vol. 285 (1999), pp. 1886-1889. 

C. H. Stirling [et al.], «Timing and Duration of the Last Interglacial: Evidence for a (64) 
Restricted Interval of Wisespread Coral Reef Growth,» Earth and Planetary Science Letters, vol. 160 
(1998), pp. 745-762. 
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dr° ^ ®cJ>L>- L^-LS” A^JgJLll a_*JuJl>JI ^_jLJ. 


U-^il ^>Ju 


r 5 


• ONI ^j-a ^LpI ^>cJl ^^Lwvw« o^jl^>Jl A^>-j.5 C-olS” Lab-XP Co^o-Nl 

c i^JlSsJj .((4j^Ai J^LajW jl c Ad3 jJl oiiljwA ( /jSL> ^-Jj .A.*.Ja.a.11 LojJl ^Jlo 
ii*kJ djJ->c-) La ^luJJ .(1 )ISL*aJI c cLLb ^Jb £-4 

0j-jJ&\ ^L^b"! U LJlp c->L~ob" Adsb ^Lp 14000 o~*_L ^xJl o o L_& 
.a 5^>c^oJl ^^JLlI ajjIwUJI oUNl cools' j j^>cJl 


^w>-N I ^*SvJl 

^j-C^Jl (J*)L>- IjwL^-Jij .^»Lp 116,000 j_v2_*Jl IJb 

(JLioNl H ( JbNdJl ^jZjuj .^LwJl \ j*-xZ co100,000 _Jl 

jiab- dblb" . -b.A3 j»Lp 400 ^3 OJj>- Aj J—L>- ^L^>jl \ AjwL-b>- ( j_o La ^'Lbjl 
d-oLS" Lob" . ^^Jl <l4_p Lo-a j^» 900 _> L^Libcjl ^51 ^JL*Jl cJ j~>- ^JjJI 

^3 C Ajbl ^a Ajjba ol>j^ ^j-v^oJ>o ^jjl AjJ-Jj>cJ| jL^jNI ^3 £-1j^Jl Ojl y>~ A^>-j^ 
|t-> • Aj yL* djL>-j.5 cL>*^LL .5jjl I^>c-Jl ^r-]g.*A» ojljJ>“ d-oLS" ^- >- 

j^Lwa oLL*Jl cd-*_^-ljjj c A^LdSDl oLLiJl ( J^>t-a Abb>cJl LjLjJI ob>cJl c—L>- 

Xl>Jl ^jLiv? C-oc^Jl L)l J»*_> c *1 Ja>- ^1 jilj -LjJa.>- ^ 

JjJ^Lwa c.-A^^bj C £-1 j_Laa>NI Jab- ^J_P IJUo Jl3I oLiLwvwa ^^Jjj Jl3i djL*-flJ^a ^_3 

oL>c_3 Ljjj! ^3 oLL*Jl cd_d^>-lj (^JaldoJ jj-^JaJl LjjLaNl jJ^La oLLiJl 

c ( ) c ^JLo-bJl ^wvJJaNl Ja^j>c^oJl Ja-^Aij o^jLJl oL^oJl CU^-ld>-lj aLp 107,000 ( J^-3 

C 4_)wd-L>- ^jLLv? ^.3 0-*_o_>bj c oj_>s_-JLoJl oLwoJl d-Ja_3L^b 

.^y>c-Jl ^cJa.AA» ^3 ^/?Li>tjl Lo-a c oLL^j>c^JI Ip 

.c JNl (JL_>- Aj^ji oljJ->cjJ <ljJks>- LoJda c d-w^-3 LJj JJlaJI ^jLLv? C^woJaL*Jj 


I. J. Winograd [et al.], «Duration and Structure of the Past Four Interglaciations,» (65) 
Quaternary Research, vol. 48 (1997), pp. 141-154. 

.LjjjI ^ (Wurm) ^jjjj yUdJl IS’jjal ^ (Wisconsin) ^^Jl5L*-jJL ^xJJr' ^ *-®(66) 
S. C. Porter, «Snowline Depression in the Tropics during the Last Glaciations,» Quaternary (67) 
Science Reviews , vol. 20 (2000), p. 1067. 

W. S. Broecker, «Was the Medieval Warm Period Global?,» Science, vol. 291 (2001), (68) 
pp. 1497-1499. 

K. - L. Knudsen, M.-S. Seidenkrantz, and P. Kristensen, «Last Interglacial and Early Glacial (69) 
Circulation in the Northern North Atlantic Ocean,» Quaternary Research, vol. 58 (2002), pp. 22-26. 
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JjJgLwo I oLUJl jj t oULjJl ^1 p Ja^LwvJo (^5Jl jJa-oJl oLa ^a3IjJ £_a 

(3j-9 jL>c-Jl djl j-^JJ cJL^j jJl ^-a J*^\_j C-o j_5v_jj .a-lJa_>- I J_*_> ( Jl_s! 

^LwoJi i^j^i .a^s*ojLaJIj Lww^ij t lji yL^\j <. j^iaLwa 

^/aj2_>tjl c J-L>cjJl |j-> LaJJPj .L>oj J-Jilj lili>- jJLSl l)LS" 3^ L l —'—J tajL> 

jl 1 0 Aj-LJx 0 jsJx^/3 ^ oji-Lo^Jl jl^l d3g->-^ j>z^S I ^f.]g.*^i 

. ( J^3 ( /^S 0 J J^*^a Cj IS" 4»Jj>-Lw^ 3 ^ jLla| ® j-JLp 



^jL^yg ^jUaj j^c-J! ^Ja^» oj! j>- a>-j 3 j ^ycJl ! 6 J-SLdJ! 

20 ii*^x>-! j>^\ Sjl j>~ a>-j3 . (GISP2 ice core) Ju'^jy 

I^IjpI -uU-l ^jL^yg jjljig*-! cigJg>- 20 ^£5*1 a>-j3 

j»jlp iILla j153 c jJl>cjJ! (H6 to HI <^Ijl>-!) . ajJlJlM JL^M ya ® j-y^ 

^Ja-*x Oj! y~ A^j3 d—>LS" JjsJ jJ^cjJl ^3 Ojl^L-l AS^j3 ^3 «L>J-Jx j! ^ jCL^xI 

^0j!jJ~l A>-j3 ^3 j^dS" JS! y_3*^l>-l illlA jlSj C(J.U“I ^JLjJli-l Lo j^a.jJl J*^>- 

J-J->J| ^gfcg’-j c^>c-Jl ^L?^j £-1j-^Jl Ojl y>- 4g>-j.5 ^ o j~S> AoJj 
y s ojl^>nJl ol>j3 ( Jw%5LdJ olpl .La JLUJ (J>L>- ^>c-Jl ^]g.*A> jJL*^aj 

Tornqvist, [et al.], «Response of the Rhine-Meuse System (West-Central Netherlands) to the (70) 

Last Quaternary Glacio-eustatic Cycles; FIRST Assessment,» Global and Planetary Change, vol. 27 
(2000), pp. 89-111. 

. (Colorado) jgljjJ jS t (Boulder) jjJ y t ^JLiJl ^bil ^jl*J ^UJl oUL> (71) 
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.AvO yL) 0j j^ajj a! IS” ^>cj ®jl j2- oLp ‘Lo.j l_P ^sl 


j^UI 


j-o- u 


LLL 


l_> j-i (1)15^-Jl wL*_) ^>Lp 74,000 ^Ju<_3 i-U>- 5jL> ^->cJl ^c-^ygj 

^l^jj jL5*_)L> (^_>j-^>Jlj Lo- 2L) I) t '-w S i’j'yi 0 j-55I ^ a +& j ^_9 j_>cJl (Toba) 

( 72 ) * ^ 

^L>“jJ 5 Lj* <jlSo . *^-yg-)l^ 4 JjUJl j-A ^*57 p .a5\-jl>^£! l 

o!-L>j c (73) Ui! j->Jl l*-Lu> o_^ j»U 55,000 ^1 60,000 ^ ^ai 

21,000 ( Jl^5 ^y I ^3 olj jj>c_)I ^j*, .^^“1 ^JL> o!wLL>cjJ| 

.5jL 1^j>oj 2)15j t ^jL>c_va ^JdL oUa_*«oJl ^*p 5-i^lLoJl d-ol5_j .^Lp 17,000 

(J*^\j>-j .o'yi jj* l>->5 i^ 4 ^ —> ( jw3 % yi ^i_p ^Ja-~o ^jjLw^ oi5j 

(1)1 LJL)j_sl ^3 d«4^-*_>c_Jl dJ Lw^ai jj cjj ^>I t ^Lp 20,000J^3 j^-^1 I jJl>bjJI ©jji 
.wLJilj (_£ jil ^4-JjJlj lyg5>c^>3 ol J-Oc-Jl jJLwv^J (jl5j ^Jj>- (1)15 tiiljL>- 







J^J^cli! 0 Jj 3 (J^>- (JJjbj*^! C^ULp ^jjfj ^ jJi\ jJai! C^LLp j jj \ 7 

• (—.J&Jjj * 4-5w3Lj 3 oblxJl <jl 


M. R. Rampino, and S. Self, «Volcanic Winter and Accelerated Glaciations Following the (72) 

Toba Super Eruption,» Nature, vol. 359 (1992), pp. 50-52. 

N. Mikkelsen and A. Kuijpers, «The Climate System and Climate Variations,» Geological (73) 
Survey of Denmark and Greenland (2001). 

M. L. Filippi, and M. R. Talbot, «The Palaeolimnology of Northern Lake Malawi Over the (74) 

Last 25 ka Based on the Elemental and Stable Isotopic Composition of Sedimentary Organic Material,» 
Quaternary Science Reviews, vol. 24 (2005), pp. 1303-1328. 

From: D. Simberloff, «Flagships, Umbrellas, and Keystones: Is Single-Species Management (75) 

Passe in the Landscape Era,» Biological Conservation, vol. 83 (1998), pp. 247-257. 
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oLUJ! ya 4-JJixll Sjl4j>- ^ >JcJl jJ^di! d»*j La j! u^t • 8 

l$' j}j • J^l Cfri j */a k D 6jJLlJJ oj! jJ~\ oL>j: J! <uuj_~J! 4_> jl ji -1 

<. S^L*J! 3olj-Jo ju»- jJ M 4j^(j t jLJl I JL>- yo-J? jj-So y>\^> 

a^Lil Ol j -y*^ <jl jl £*LJ*I 3^ J-***Sl ^LJ j->1 ‘Uj M La! <u! ^ JUJLwvL 

. CO 2 wLsm^! ^j! <di>-^La M C.^».>eJ 1 Jb>- 6 


^^3 1 0 j-A j_L>t3l 5<J*5L>- xJu>Jl ^jLL^? 4jL>- ^Lp oL^uMl ^j^Lp 

ol ^j-a *-p^J l ^Lpj .oLwoJl i,_jL>uj 4»Uj>-LwvJ1 4_L?_ w ^j..oJ 1 ^\jH\ (. 3L^>cJl 

(. ^J-3 M 1 ^J-P 1 ^jJl^J! j-s/2_*Jl 4 j 1 J-j ^3 C2—J^Lp 4 _>j-JLi <j*)L> iil-LA 

Jl 4 -jL^j £-a iaJas Ji^-I J oilv? I 

Ml UjiSj t (Homo sapiens) y* <Jc^a]\ I ju*j 

wLo^>cjJl 4 j LgJ 

.\y^Jhj jJj>Jl ya iJlj>- ^i>jM 1 l)J 

C_^_Lj 2_JJ .j-^>-Ml ^J-Jl^JI 2_*Jl J-*_j C 0j^oJLwv^a Ojj_v2_i ^Z?jMl j2L>c_J 


j_v2_*JJ ^Lyfl-oJl j_v2_*Jl jl5 ^2> . ( J^5L*Iuj 4_>lj-*-> 


(76). 


ftuJl 


B. Wohlfarth [et al.], «Unstable Early-Holocene Climatic and Environmental Conditions in (76) 
Northwestern Russia Derived from a Multidisciplinary Study of a Lake-Sediment Sequence from 
Pichozero, Southeastern Russian Karelia,» The Holocene, vol. 14 (2004), pp. 732-746. 

U. C. Muller [et al.], «Cyclic Climate Fluctuations during the Last Interglacial in Central (77) 
Europe,» Geology, vol. 33 (2005), pp. 449-452. 
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t o-Lp olJ L*_La_^j IJ-& ^jJu>JI j-y2-xJl ^-o ^JJl 

.bl ^)ol cj!I Jl 5»I (1)15j 

14,000 ( J^3 t^-o-Vl ^J-Jj>cJl e-j^Jl IJ-& ^3 Ljwa.9 Ij»5j 

^jJl>JI j_v2_*Jl ^sL*jo c_^5 jS 1)15 c C—3jJl cLLb JJwaj . \ 2 J 2 jb ^Lp 

LUj Jl^_ 5> ^JJl t (1850 _ 1300) ^w2iJl ^oJl>JI j-v 2_*JI ^ t1j t I 
o^w^lj .^l^Jl (Interglacial) ^aJl^JI j-o U ^a-aJl bjL 

oU- j3> 0 -*~aj jl j . I j5\jk 0-^2 jj t ^J-J-pxJI j-s^aJ l J-*_i jJl>JI L^-w*o iJL>- 

j_v2_xJl ojj^ 00 ^»Lp 20000 (Jt)b>- <Lj jj~a &j >-20 ^JlS"I SjI js>- 

JLp ^ 5 ^ o5j jJLL jJl>ci!| iJb 1)1 L*j . (79X78) ^\ ^JL_b>Jl 
£>3 ^Lp I j\s^a jiS\j I 33 I 5jjJaJl Ool5j .^LoJl ^3 

130 ^J>c-Jl ^r-)g *ai ^ jJLa^o £_j 2 _jj!j t ^IjwoJl ^3 4_*_> 
.^l_*JI ^3 wL^-!j ^^J-P *^-dj-d <J-L*_o-j toj-^-'yi 40 14,000 Jl 

^UjJ ^Jj jp ~I 0>lijl 3 tipL jL^>-I ^J>c-Jl ^r-lg.AAi ^jJO £_£jjIj 

oN-U-a OoLS” .(l)Jj>-'yi ^3 A P^lZj (1)15 L^w^ 3 t IwLil ^ J_5*-1 (1)L^I ^_3 

£^*-*>1 j^-Jl (_£L^_*-d ^Ajjjj £_£j^7 AjJ-Jj>cJ| J-*_j Lj ojl^>cJl 4j>-j.5 

1.5j ^ 0.5 ^ JiL j J5L ^jJlj ^_Jl*JI (1) j-Jl ^3 oLJ o j-^aZ ^\ 

( 80 ) C^. aU 12,900 Jl 14,500 ^ U S_JJl J*>U~ .^UJL >uJlLa 

OjI.XJLa J-La-a I O^I-CLa ^>c-Jl Ig .a ^Lijjjl 

jJ>c-Jl Jjjjjl 0 La (_£I t|A 


j» 

J“>L^ JiMl J-f- I jJLa 
»L*Jl jJLo_J 


UJI 


1.25 


^IJjjl L^-J-P ^/?l3 t <cJj>-Lwai ilg-A^Oa ^£?jL> j ISb-Ai^y I cJlv2j! 

j-^j c^>L^wvolj . (Bering Strait) ^-o <2 j-X^>-I t y> c-Jl ^ jS^^a ^3 

^oJlpJI J-*_i b ^j>c-Jl ^J-iJjl ( J5 sOj 1 jZj IjJlL>o| ( /j-o t <uL1L<j 
loJu^SJ-lj I^Jl>5I 4515 ^LjJj^/I Jwai U5 . (English Channel) ajjJl> 5^/I oLJl 


P. A. Mayewski [et al.],»Major Features and Forcing of High Latitude Northern (78) 
Hemisphere Atmospheric Circulation over the Last 110,000 Years,» Journal of Geophysical Research, 
vol. 102 (1997), pp. 26345-26366. 

P. A. Mayewski [et al.], «Changes in Atmospheric Circulation and Ocean ice Over the North (79) 
Atlantic during the Last 41,000,» Science, vol. 263 (1994), pp. 1747-1751. 

The 14,500-12,900 BP Bolling-Allerod Interstadial. (80) 
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.(Orkneys) jy >-j (Shetlands) jJJMdd J^dj 1 1 

dJjLv^ O-A *p, a j' Lo-S" c ^x>Jl oLwoJL> Ld^o ^-p LSs^^ij j-S” d«-l .*■/?. A 

cJlvgijl J .lw\jJ_d Lv^tAA-cjl 0 ^d£" iS 0-yg-A^>ol J i UHail 

^p j\ .^>c-Jl ^f-)g *ai jJL^vwa ^LL jL ^Jl dwvoLJl ^P 

Oj c ^>c_Jl ^c.ia.^i j ^>c-Jl ^-° 

l— Jl jJdJ ^jP j\J (, 0 dj d>J I 1—dw^P ^3 1^-jJ d-olS” j ^Vl j->c-Jl J J yJL^f .I ^-Jl 

<JPLv/ 2^3 ^>c-Jl ^^IjL>jI djd2»-l ^d>- ®j-^5* oJ j>-I^ L^>jl LoLo-^Lj^ 

54»J^-I.5 o l ^y* (Carpentaria) LjIdojU ■^Sj>~ 

(^^Jdvw4 LaddP A.yg-<3->cJ^ d-oLS" dJ_>-JwA> dJ ^-O-P Lo-S" .^Jw^c-s^ ^->c_> 

d—*JdJlj <. ^JJ>-|jJl J^-LJl ^^1-P I ^->U ^^dJl (l)lSv-wvJl (. j^>c-Jl 

^Lp) oj-*^" j^ld* ^3 d^lJl j*j >Jl ^lijjl .jj^>Jl jl>&j *—jUj-l>JIj oULJl 
. ^Jl ( J J^-Jl^ c (Milos) *• Jl-^Jl 



^JlJlA-| ®jjAJ : 9 Ji^dJl 
£?U«* (»Ip 20,000 JJ ^1 

(f-li) oj-JLS* <uJL«di 4 j dJj>- 
C 0^iJl 4 *wmjLJ| olp^0-5“ Jsj!jJ £4 

^£5*1 jls* ^5»&Jl ^.la.,.* j*il 

j'il I130 _; U^U^dl 


(>“ -(JpSlI ^ (*—^0 

^S 

J^-jl Lo 11jio 130 ojJlS ^ia~“ 

.(Ji-Vl p-^l) 3JU-I LSI \ji±\ 




y> 


~ *)!I j_^»>cjJl j_^_j La 


SjJLs ^L>- j . ./g a 


il 


,l>, 


I. R. Plimer, Milos-Geologic History. Koan (2001). 


(81) 
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Ljulp o-^o 12,900 jj>- j \*J (82) r U 13,600 Jl 13,900 

• p f. (83) * p 

1500 J-*_> JlS" 1 JjJ-JLJI Jo^l (1)1 JSj\j . ^ y>-\ oj^ya3 3 1 1 ® ^ 1 wXj 

. ( j-wOj ^wLL>“ j^2-P J-* 5j1Jj J 2 J 23 j»lp 




ALaa< 11,500 12,900 ( J^_9 o Jj J_jJl o3jj_Jl ob o^JLaJl o j_A 

c AJ* 1300 jJ>o O 0j^3Jj |jj>- o3jL> oCJlS / ^ 
cJli” Ui" . jLo~JL)l oj50l j al« UJ ^jJl J-L>cjJl ^jj>- j cL>j>- 

^j^sljJ-tJ! Cij'yi Aj jJJ A^>-j3 0 jjLS' 3 j_J J-« *lj3>-l 

(^AiU) 5- J)\ o_ >/? >3, >J 1 ojlj->cJl Aj>-j 3 (1)1 Oj-^-Jgl 1 jJlL>cJJ ^^3 o j_>^stJL^J1 
j^laT .(Glaciers) o!j_L>c^>J1j wUl>Jl oL^-La^s Lg_j>- oASCJuj tijia ol>j^ 
c_—CJ3l3jl yx^ V1 ^j-*>Ijj 3 ^3 ^-L>^Jl o^3 d)l loUl ^3 o yj> e-J AJI^aai y Lj UL 

C Ol J-L>c_j>Jl cJ_*_9Jjli . ^^L<>-jJl ^-wsAJa^/l ^3 *Loj_*Jl ^IjjJJ ^J>-LL« j^xj 

LajjJu C—*3JJl Ao-Jg-P A>~LJj>- CjLp j^S^jaj A)wL_L>- NL*- ^JwSsJjJ ^JjJl j-^a5\j1 j 

Jg .a >c_^J 1 CjJl—o 0 £tJoj . J A >-1 Jgj) lg. ^_1_P Jj-lgLja bj^_J>- 

. AjjJt_*aJ1 jj ^ Cj>\j^xj i jX^*)! 1 ^_aL> j3 C oj-^kloJl 

100 jj* ^Jl 3 1 j_*_vgVl ^LjjJ ^jliJl 3^<Jl ^^Jl jl1 jj* j*J*sS\ c_A_UgJ 

oJ-jJlj AS ^j>t>tJl 1 j_gj ( y>-\^ja j*xj dsJj>cJ ^Jj . Jgjl3 \Jj>-\j IjJLp Loojj ^1 S 
^xJl AJl>J1 ^3 4^aa> C)j£j ji .^i-s^Vl JJw^ 

d)J . ^L>-JLil L ^-wJJg'yi jg-^>c^<jl ^3 ol>t3 jg.^^7 iol^ 4 _)-LwL>- oLw« ^ya I^jJ^ai 

(Agassis) 3^L^1 o^rr^ ijwtLfJl ^Ul^AJ JjLfJl JLmJI jL^ll (1)15 Ul^J Uj^ 


13,600 _ 13,900 JJ jkJ^\ (82) 

.^A 12,900 _ 13,600 JJ {J,* ,jI*a)M (83) 

(Dryas ^LljjsSj\ (Tundra) IjJjJ 3^jj JJ ($4) 

Octopetala) 

(Nahanagan (JUj^jJI ^yj jJLsa^L L Jy\ ^y-i t 11,500 _ 13,900 JJ (85) 

.(o-btdl <$XJl) (Loch Lomond Stadial) X>y j^-Jj (laJjl) Stadial) 
A. Brauer [et al.] «An Abrupt Wind Shift in Western Europe at the Onset of the Younger (86) 

Dryas Cold Period,» Nature Geoscience, vol. 1 (2008), pp. 520-523. 

L. Tarasov and W. R.Peltier, «Arctic Freshwater Forcing of the Younger Dryas Cold (87) 
Reversal,» Nature, vol. 435 (2005), pp. 662-665. 

A. Nesje, S. O. Dahl and J. Bakke, «Were Abrupt Late Glacial and Early-Holocene Climatic (88) 
Changes in Northwest Europe Linked to the Freshwater Outbursts to the North Atlantic and Arctic 
Oceans?,» The Holocene, vol. 14(2004), pp. 299-310. 
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^.9 9>jUl 4 _IjLa oLwo-S” cJ*e-^ ^xJl ^ L5j-woI cJLowJi ^9 <_£j^_5sJl 

^jJl JiLUl ^Jli oLJ J^LUI Jy-jdl ^ jlaJ , (89) JL^JI ( _ r Jd^l .k~>~Jl 
oJ_) j_>- Lijl$_>VI c j- / - / ^ > ^-5Lj <l^-Lp <doL5 

( ^j^2j\Jd\ *Ul (1)15J .la^>c^oJl l)lj^,9 j djlw\_L>c^>Jl Ojl^jl j c ^ajLiJl e-LoJL 

S-LJI 2^JJ| ^J»Vl jljJ-5 J-^J J-o->^3 c L?..s>c_x>J 1 ©L^a 4_ild5 
L>cJl jLs .j <1)15 *}L^L5 L>-LaJ_>l c—<>Laj ^JLoJl 

.^-aJCJ ^ a Ip <,_i]| ( /^a ^x5l oL^Jl d->JS-li c <OjjJl oJjJ-d oL^oj ^la^j IjJl 



I ^jlLU j-vajJl 4_>L^ jj>d d-JJL>- SjljJ-l oJUJLi oli'^L^.dl ! 10 JiLtJ! 

jl y £~»\j jk. y^Vl j9 -bu «! jlijllft. jl5J i jJLy^V! *£>• lill 

4jjJajj ]jlI OlijVI ^a .JLi-l ^JL-li-l Lo Sj!jJ-1 <L>-j9 ^9 

jlJULI ^.5!^ l*«b^a^ L*^*<^ 


<2jj^?\j W^Lj^)) J 4JL>-LL<»J I AjIwLJJ ^S\_Ls iil-Lft L)^-^j di 

(C 14 ) 1 )jiDl 3^5j_i ^9 IwLjj-d LpLLjjI jL>c-dVl £_L?lJLa ulaIIj ^-o^J l d^L2_L>- 
Ja_49 J_>cj 1)1 (C 14 ) 1)^5sJl ^9 oLjJl o*A_gJ .jk*/?*)!] 4j1_L> ^9 


.^j^aj'yi ^r-la.*A> ^J-P do^^Jl 4_*wJj*51 ^y» 


0 J_)l^da oLwo.5 ^a 


W. S. Broecker [et al.], «Routing of meltwater from the Laurentide Ice Sheet during the (89) 
Younger Dryas Cold Episode,» Nature, vol. 341 (1989), pp. 318-321. 
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(93)(92 ) jlJl>JI yJj (91) ^JI oLU dJUi Jbjj 


(90) 


L_**>(S 


JSLii; jd\ <. (C1 36 )jjJ^JIj <. 10 (Be 10 ) t(C 14 ) o Xj £i\ J> obLy 




y j_>iJ! <Lo 


AVI 


l_Aya3 


4^eo l^K 


JjLo~a ^l^ol jj^jb V I J 13a ol j-^p" 

jj^LjjI.5 Jj-^j 
(94) 


* j~»Jb Vj l <Jui ^jj^>J| iwijVl 0 j 5 \Jl l_Ayai 

UU 11,530 i jlJUJI l_J) 50± LoLp 11,530 JJ 4^-LL= Jl 


.^LjLS" <- J) UU 11,570 ^^.jyJl i ( _ r JlS'l J, lj~>~) 60 - 


40 


wJ) ± 280 UU 11,640 (97) l2LJl 


ijU^VI oliU) UU- 11,570 

jjVl j) j 3 -vA/I .j^Lij-S t j-P jb-T j-^sl Jj-Sjj 


(96). 


( _ 5 J_P Ja_«_s2> 


J J— 


Lp! S 


%Jp> 

j3“>Ll>j-p t GISP2 j_J_>- 
J t3 Oj-Ss-J L«_)J C ( _ 5 -S" I (_£ J^>t4>ejl) jJl 


y* j»Lp 12,900 Jy y> 3L*j .i 


,UI 




ol j- 5 ”j 


^Uj 


. ‘LoLwo^S” C-jLa. -/? : yy>cj 


0 jrfr^ 3 -^ °J 


3 il>t>- 


2r* 


yUJl JL 




»VI ^Liji ^5-* y->-bLoJl jlyyVl 


R. Muscheler [et al.], «Tree Rings and Ice Cores Reveal C14 Calibration Uncertainties (90) 
during the Younger Dryas,» Nature Geoscience, vol. 1 (2008), pp. 263-267. 

R. Muscheler, «Changes in Deep-Water Formation during the Younger Dry as Cold Period (91) 
Inferred from a Comparison of Be 10 and C14 Records,» Nature, vol. 408 (2000), pp. 567-570. 

F. Yiou, [et al.], «Beryllium 10 in the Greenland Ice Core Project ice core at Summit, (92) 
Greenland,» Journal of Geophysical Research, vol. 102 (1996), pp. 26783-26794. 

R. Muschleler, «Geomagnetic field intensity during the last 60,000 Years Based on Be 10 & (93) 

C136 from the Summit Ice Cores and C14,» Quaternary Science Reviews, vol. 24 (2005), doi: 10.1029/ 
2005JA011500. 

P. M. Grootes [et al.], «Comparison of Oxygen Isotope Records from GISP 2 and GRIP (94) 
Greenland Ice Cores,» Nature, vol. 366 (1993), pp. 552-554. 

S. Gulliksen [et al.], «A Calendar Age Estimate of the Younger Dryas-Holocene Boundary (95) 
at Krakenes, Western Norway,» The Holocene, vol. 8 (1998), pp. 249-259. 

K. A. Hughen, «The Nature of Varved Sedimentation in the Cariaco Basin, Venezuela, and (96) 
its Palaeoclimatic Significance,» Geological Society of London Special Publications, vol. 116 (1996), 
pp. 171-183. 

K. A. Hughen [et al.], «Deglacial Changes in Ocean Circulation from an Extended (97) 
Radiocarbon Calibration,» Nature, vol. 391 (1998), pp. 65-68. 

P. M. Grootes [et al.], «Comparison of Oxygen Isotope Records from the GISP2 and GRIP (98) 
Greenland Ice Cores,» Nature, vol. 336 (1993), pp. 552-554. 
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cWL-dl ‘uJajiJl 1 ^3 3^>-! SjwUjJl] ajwLJj>cJI ojjjjJL 

jL iJI ^JJj_2j 1 OwL)wLjJl ^l_>c ^JuJl Ja^Lwvoj dJIJ-L>c^oJI ^ JJLj 

L^_Lo-j>c_j ^^l)I cJL* <-* ww»»jJ ^ <i<—9^L*Jl l- ww *'l 

.Ja-**jJLoJl j_>c-Jl jS> ^_9 ( J^>jJg cJLL^- ^Jlj 


J-A3 


( 100 ) 


* <"> 1 tl 

L5 3 cM 


^-wvwli^'yi ^3 (JLo-*xJ| ^-L>c_)l J-* iS J^H. 

L>i c li^l ^jj^>cJl ^JJg^l k,>^Jl ^>c-Jl £z\ g.^» oJLS" 

LiL> ^_9 I t > ^>P ^_}Lpj 4_iL> A*. A* */?, 1I ‘LwW^oJl ®<L) ^-L) j C2— Ls 

jLipxJl 


( 101 ) 


VI ^Lj.5 (J^-*-*' 1 ^ Ja-w»c-^J I (jLo-Ji ^3 ^1 1 J-3 J 

jJw>cJl ^3 olJ-J Ji o3 jLj ojJL9 0 I jJ-oj . ( j-JwwJI ( /^s CjIJL* ^vio 

Ij^j .^Lp cJJL J^i til c^Lp 14,000 J^J 

^xLjj.5 ^_^Jo I L>J J-LP Lo ^JL> 4 L-wvo2_j C2-3 jJl ^_3 *Lo ^_L>J| LS" ^3 ^^-li-oJl 

4 JI (LuLJ j_i) 1>>L>-Lw*» (Ice Core) t J ^ ^ Jg ^j . oL>t_3 

c-i-yg-i] 1 jiCl ^il c aLp 14,000 j_l>J i ojiCl L. J?./g j |J_I il jJLi^/I 


kiUi ^ jjjLa'S/l t jJsys>- ^ oLJl j_oJ jLS’j . ^Lw^jMl o jS\ JJ ^JL_2Jl 
(Copses) c->lS2>! l$J> U-jy= J_wj t j^l ^y= Ji! tJLiJl J™>. i J>s- tcJjJl 


jU-iVl 


cy 


^_3 dj_>-LiLoJl oj-JLULoJl 4_)1 j_j 

ojUJl ^ (Paleolithic) ( _ r LJj_Jl_Jl ^liiJl jjJajJl ^3 tjlj^Jl 

t j_di_^-J! i ^ -1— 0 —:) 4_^s'^wa k yi oiiij_^_>c_Ji ^ 

jL>t_Cil i _ r a j»Li) ijjl jlj_^] j*>L™SJlj 1 . jl.,/? >Jlj c O^^^JL^CoJ 

^j-v^3 j_liCl 4_sliJ iiLg-jj ^ ^ ([ ^ L?, >■*! jJlj Cu J-L>cj| l_S"j_walj A-ol jJL^'yi oLliJl 


Loess (99) 

. Jg.L.v.,11 oljj-5 ( 100 ) 

P. Chang [et al.], «Ocean Link between Abrupt Changes in the North Atlantic Ocean and (101) 
the African Monsoon ,» Nature Geoscience, vol. 1 (2008), pp. 444-448. 

L. C. Thompson [et al.], «Ice-Core Palaeoclimate Records in Tropical South America since (102) 
the Last Glacial Maximum,» Journal of Quaternary Science, vol. 15 (2000), pp. 377-394. 

G. Haynes, «The Catastrophic Extinction of North American Mammoths and Mastodonts,» (103) 
World Archaeology, vol. 33 (2002), pp. 391-416. 


62 



<l»jU JLwaJ 1 oiLj jJij . (104) lLiJjJlJl oliUill j-a (Clovis) 

JjS jl to ( J^?I ^Jjjl ^Lp CjJ_pL-a 

J^a Ji J I jaUaJjl i>a^ jl t ^LlJ 

LaLp 50 _ 40 4 _»L^_j 01 jJ-o 

(_^1 lS_A' Cj '-’W; ^j-vwoJ>- Lg_Ja 0 Ja-lj Jj" l ol^Ja_>- 

CoJj>-j c Cjl y-*^> cj*5^2>- ia..a3 jl yj>~\ <1 pj*\j>- 

^Lp! ^2>-l <Jj_*_^ cl)} .Lalp j-JLp *L~woJ>- jlotwA-s/ai 

y ji^c>-'yi l^-Jj j ojjaj-cJi 4 _^-uji ^is"i 

^JJl jlI ajjI j^~ (_5-^ L^jLJJs jloLS”j .d)Lwvu^/l L^_>wL>c_j 

c <^Lj5Gl jl^c>-'yi oUlj d)lj-v>cJlj oL^oVl Ji j .^^-Jl oJj>cj 

jl y^')!\ li-& j tyw? on ^Lj.5 J-*_> ^>C-Jl ^ y*~~A ^IjLjI^ 


.j»Ip 2600 SwUJ 


j-w» on 


on ((^Lj^)) wL*_i o^P ^3 ^_j ^^vJI ^LxJl 1 y jJL! 


4j>-j. 5 ( /^5vo->j . 4 j jJajJl ya 1 Jj J*a ^Jwx>j>cj A ^-gJl jl yp^i I ( Jw*j>- ^^^P 

y& AJLoJl 7 oL>j pI ( J^*_> c_> ^ j->s-Jl ^Ja-^ ^^_Lp ojl 

c^y U5 c J^-S^ on ^Lj. 5 J-*_> J~Jj>cJi ^c_jLLva yj .o^->cJLoJl Aj jJa^Jl 


wL*_i w*^J>cJ I L 

jL>c-J0^/l .^0 >c-J| ^ £jJ_>jl^ 


oLUJl 


( 108 ) 






jwL>cJl jL^»Vl ^j-^J (_£^ t ^2r w ^’^ y*-*/?')!] y>^ij} ^dW J 

Lo~ . (109) r U 8900 ^1 11,500 J^i Oil JUo SJuJl oJu& oJLS'j 


A. D. Barnosky [et al.], «Assessing the Causes of Late Pleistocene Extinctions on the (104) 
Continents,» Science, vol. 306 (2004), pp. 70-75. 

J. Alroy, «A Multispecies Overkill Simulation of End-Pleistocene Megafaunal Mass (105) 
Extinction ,» Science, vol. 292 (2001), pp. 1893-1896. 

D. K.Grayson and D. J. Meltzer, «Clovis Hunting and Large Mammal Extinction: A (106) 
Critical Review of the Evidenc q,» Journal of World Prehistory, vol. 16 (2002), pp. 313-359. 

R. B. Alley [et al.], «Abrupt Increase in Greenland Snow Accumulation at the End of the (107) 
Younger Dryas Event,» Nature, vol. 362 (1993), pp. 527-529. 

K. -C. Emeis and A. G. Dawson, «Holocene Palaeoclimate Records over Europe and the (108) 
North Atlantic,)) The Holocene, vol. 13 (2003), pp. 305-309. 

^JJi jl j^>>i ij JUJJ1 J_J U j_* ^ 10,190- 11,500 J^i ^JJI jl j^>i\ jl (109) 

. JU.2JI y 8,900 _ 10,190 JJ 


63 



j}\ C I 0>^-Ay2jJi ^3 o>UL*-U ^^ 

^jJLws^j ii j^bj ^1»p ^iLoJl ^ k ^ J> “J .ApljjJl ^d 

^P ioU CjL-jj.5 Cx^ * djI~ lL>c^>JI ^^-1 j* Jl ^Lp LpLajjI jL>*^'SM 

'Jl>-I jjJlJlj t JJaJl jLpj (Peat) kj~>xJl 


jLUJJ 


Cl 13)(112) 


jl t' ' ^CjI j~>t_J 

(116 )(115 )(114) 


J W~jH Jr* 


L>5 <. ( ^ijy>- r \ Jl ojli ^ 


4_>jj^j jLjjoVl A*-^lj CJjIS' ^j>c-Jl ^Jg-*.A» ^jJLws^jj ^IjwoJl ol 


l t^JL2j>tJl ( /^-o J^LwoJl CJ-j-fiJ 


^ ^Jg-oJ I (J Lo«j 

(118) 


^ l^j *)! I <~j L^vu I Lo-j 



^JlP J . A3 j A-o IwO oLo- £>3 jllg^jU jilj (JjJg-A C iJljJl oLocJl ^OLxj 

:>jL olA^-j> jJLpI Juii tLib jl5 jJj_g_)l jl ^ ^-p^Jl 


ob- 


J °^ 


V2-3 0 


cjI^-^> c-Jl ^^Lws^j ^>jj^l^ c L^oJLp w)) _jljlS” .oJjJp cj! 
^/?L2_>c_) 1 c oLla_3 LwvJLoJI JuljJj ^_>c_jl!1 <lLs ojLJI olijjll J 


E. Gobet [et al.], «Early-Holocene Afforestration Processes in the Lower Subalpine Belt of (110) 

the Central Swiss Alps as Inferred from Macrofossil and Pollen Records,» The Holocene, vol. 15 (2005), 
pp. 672-686. 

K. -C. Emeis and A. C. Dawson, «Holocene Palaeoclimate Records over Europe and the (111) 

North Atlantic,» The Holocene vol. 13 (2003), pp. 305-309. 

A. Feurdean, «Holocene Forest Dynamics in Northwestern Roumania,» The Holocene, (112) 
vol. 15 (2005), pp. 435-446. 

F. -H. Chen [et al.], «Holocene Environmental Change Inferred from the High-Resolution (113) 

Pollen Record, Lake Zhueze, Arid China,» The Holocene, vol. 16 (2006), pp. 675-684. 

F. S. Hu [et al.], «Cyclic Variation and Solar Forcing of Holocene Climate in the Alaskan (114) 
Subarctic,» Science, vol. 301 (2003), pp. 1890-1893. 

Z. Yu [et al.], «Carbon Sequestration in Western Canadian Peat Highly Sensitive to (115) 
Holocene Wet-Dry Cycles at Millennial Timescales,» The Holocene, vol. 13 (2003), pp. 801-808. 

S. Yu, «Centennial-Scale Cycles in Middle Holocene Sea Level Along the Southeastern (116) 

Baltic Coast,» Bulletin of the Geological Society of America, vol. 115 (2003), pp. 1404-1409. 

B. A. Maher and M. Hu, «A High-Resolution Record of Holocene Rainfall Variations (117) 
from the Western Chinese Loess Plateau: Antiphase behavior of the African/Indian and East Asian 
Summer Monsoons,» The Holocene, vol. 16 (2006), pp. 309-319. 

M. G. Macklin, E. Johnstone and J. Lewin, «Pervasive and Long-Term Forcing of (118) 
Holocene Reiver Instability and Flooding in Great Britain by Centennial-Scale Climate Change,» The 
Holocene, vol. 15 (2005), pp. 937-943. 

Z.-D. Feng, C. B. An and H. B. Wang, «Holocene Climatic and Environmental Changes in (119) 
the Arid and Semi-Arid Areas of China: A Review,» The Holocene, vol. 16 (2006), pp. 119-130. 

Y. Enzel [et al.], «High-Resolution Holocene Environmental Changes in the Thar Desert, (120) 
Northwestern India,» Science, vol. 284 (1999), pp. 125-128. 


64 



<L)L j* c cLDaS" . ^3 dj|^ 3 jJl 

jtS\ $jj\ olijl ^3 jL>c-Jl cujIS' d)l J_*_> cjL>c-Jl o»-j_L* aJjIjJI olij^l 

t cJ1ji>:J l l^-Ua ^jLJl oLij'yi ^3 <LJLp j .iSljjfc cols'j / 

J-*_> L« oli^lcJl ^xlsi . jj>c_v2jj d>sj jLiS"j i <L>j1^p c_c^1 

(Stalagmite) c^JlS cjjJ^-l oIjJLj^ ^ ciicJl cCs_L>Jl 

. , (124) ^t, , . t. 

O^. 


<\s>-j5 ^1_P eJ_& CwvASsJl ^Jl l)| . o3jjl*_oJl 

oldii j I 12 I) j_SUL> <JL-L? J^S" ^^J-SsCj ^_j j L> Jj 1^5” <. 3jl ^>J 1 

^^ - w * > ^ 1 4-JLwJl cl^-^JsJl t C<>j>c^3 oIp o 3J^SUI .^^ol^^Jl _ 






8900 ^Jc ^ ^>-1 ^1 ^ol 3 jC c*-*-^o 4ol^ <c>c_Ij cl jL^-> 1 Co IS" Lo->j 
JJL) . <CoJLp L<ojj c 3 j_ccj ojIc*-! <IL^Lw*» o j_A ColS" j . a Ip 8500 
l^_>-lC 1 Jj>- S^jL 3^X3 C ^>lp 8500 ( Jw*3 1 J-lS" (JloC ^g-yg -3 1 ^3 ^y>Ju Jo jl^_>l £_o 

( J Jajj .j^-v^'^l ^joLjjJo c ^Ip 500 cJcl i ^wdj>- ^^>-Ijj 

jl5j . (129 C 8000 ^1 8400 J^i ilL.* oJl5 S^L, 5 ,yi j! jlJU- 


M. Magny [et al.], «Reconstruction and Palaeoclimatic Interpretation of Mid-Holocene (121) 
Vegetation and Lake-Level Changes at Saint-Jorioz, Lake Annecy, French Pre-Alps,» The Holocene, 
vol. 13 (2003), pp. 265-275. 

K. - C. Emeis [et al.], «Salinity Changes in the Central Baltic Sea (NW Europe) over the (122) 

Last 10,000 Years,» The Holocene, vol. 13 (2003), pp. 411-421. 

X. Miao [et al.], «A 10,000 Year Record of Dune Activity, Dust Storms, and Severe (123) 
Drought in the Central Great Plains,» Geology, vol. 35 (2007), pp. 119-122. 

V. J. Polyak [et al.], «Wetter and Cooler Late Holocene Climate in the Southwestern : ^_» (124) 

United States from Mites Preserved in Stalagmites,» Geology, vol. 29 (2001), pp. 643-646. 

D. C. Barber [et al.], «Forcing of the Cold Event 8,200 Years Ago by Catastrophic (125) 
Draining of Laurentide Lakes,» Nature, vol. 400 (1999), pp. 344-248. 

D. C. Douglass [et al.], «Evidence of Early Holocene Glacial Advances in Southern South (126) 
America from Cosmogenic Surface-Exposure Dating,» Geology, vol. 33 (2005), pp. 237-240. 

J. T. Andrews and G. Dunhill, «Early to Mid-Holocene Atlantic Water Influx and (127) 
Deglacial Meltwater Events, Beaufort Sea Slope, Arctic Ocean,» Quaternary Research, vol. 61 (2004), 
pp. 14-21. 

B. Lauriol, and J. T. Gray, «The Decay and Disappearance of the Late Wisconsin Ice Sheet (128) 
in the Ungava Peninsula, Northern Quebec, Canada,» Arctic & Alpine Research, vol. 19 (1987), pp. 109- 
126. 

E. J. Rohling, and H. Palike, «Centennial-Scale Climate Cooling with a Sudden Event (129) 
Around 8,200 Years Ago,» Nature, vol. 434 (2005), pp. 975-979. 


65 



^-9 wL^>cJl d->L<2-J^ ^3 yJL>x^A j J>c_> jL^P Aj^-0 \.*J?,„) \ .lildk 

d 5_P oLw* dLJi? C-Ja_P Lo-5" . jJ><Jl (jlid-a j^J>c^3 ^3 ^/2_sljJ A£3ljj i <d^3jJl 

4 J^_>c-^i Ja^^oJl djIjLo d—I j_5v_aj c li^Vl d>cJLoJl ^Jb>Jl oLw« ojl_> 
^3 o^^S" J-Jj>- JL^>- .iSljJfc d-JlS" c ^^3>-l ®.*1i2_>- ( j_P OwLoo 

^3 <Jl>Jl jlS' US' ^dJ->- ^Ip 8300 J^3 djU^^t^Jl 


( j-*>Lj j3 dv^L>c_>j c ^wL^>cJl J_*_> L« ^IdoJl ^3 olj-JcJl (1 )aJ 
^JLoJl ^3 oUlj-^>cJl yl5Jj <. l^j dld*Jlj apIjjJI j jiaJ ^Lp ddj>- JtS c 
j-*_> L« 0 ^xaJI (J^L>- \ \ j-*-*-* j-^-Xj jL 5 ^-luJl d)l • d-*-9 ^3 

< 3 LdJI j^Jg-j ^3 JUL j- 5 ^ c ^luJl ^3 j_>I d)l J c<j-di_>cJl 

.Jj>-j j-Cj <• 'Vjj ^^3 t j^LJl . ioLwvu^/1 

^Jl c 4Jww*< 800 ^Jl 8500 ( J«3 ojLJl 0 ^laJI ^3 L-L*Jl d*oLJl olSw* ^JJLolj 

j*5\d> ^ol d*^^Jl dli.5 ^3 ^>cJl ^^dvw« jlS”j .1 ^J-P (J^ 


.dMl 


^ J 


La I 


dojjj^l __5'V1 JL^- ^3 dJLdJl oL^>cJl dobfddJ j (£y> c_JL!I JaJ*cJl ( jJul>tlj\j 

c (135) r Aly LUJl iJ^uVl jtLJl jlSL- . (134) ^t olijV 

. -S~° 160,000 £_Lo ^y>^\ y>- j* ^Jl 

j^a 100 Oj$ <• U2^dji 3j-w^'yi ^>c-Jl y>- j->tj (1)1 *^_3j^_> 

Lo-3 . ^ ^ -P 1 JL^^ 1 (^)^ ^ « .s« 1 1 Ow\_A ^-M - 1 i *"^ 1 j->c-Jl ^T 1? * +* L ^s* •** A 

j-^-owUlj c(Don) cjjjJl) 0 j-w_5CJl jL^jVI d^j_pj d-w^^lj t^-^-ijJl 


R. B. Alley [et al.], «Holocene Climate Instability; A Prominent Widespread Event 8200 yr (130) 
ago,» Geology, vol. 25 (1997), pp. 483-486. 

G. Clarke [et al.], «Superlakes, Megafloods, and Abrupt Climate Change,» Science, vol. 301 (131) 
(2003), pp. 922-923. 

J. Feynman and A. Ruzmaikin, «Climate Stability and the Development of Agricultural (132) 
Societies,» Climate Change, vol. 84 (2007), pp. 295-311. 

J. Feynman, «Has Solar Variability Caused Climate Change that Affected Human (133) 
Culture,» Advances in Space Research, vol. 40 (2007), pp. 1173-1180. 

W. Koffler [et al.], «Vegetation Responses to the cal.BP Cold Event and to Long-Term (134) 
Climatic Changes in the Eastern Alps: Possible Influence of Solar Activity and North Atlantic 
Freshwater Pulses,» The Holocene, vol. 15 (2005), pp. 779-788. 

U. Esin, Asikli, Ten Thousand Years Ago: A Habitation Model from Central Anatolia (Istanbul: (135) 

Tarih Vakfi, 1996). 

Ian Wilson, Before the Flood (London: Orion, 2001). (136) 


66 



ijJuJl oL^JL ((Danube) ^gjJl aJlj (Dnieper) 

8100 (£y^\ o*u- s i>j'yi 3^5\jj iwL> 

^p ^Jlp j& J* Usb jj>cJl jl5j . (138 \u 4030 JJi jy>- y ^>Ij ( ' 137 ^Ip 
c I ^yL.yg.il (jbjjJl CU3jJl dlii ^ loJ~g- C <bl*Jl 

!jjfcj .diJ3J li*>\j>- jJj>sJ l c_Jg-flJl ^^3 ij^>- bjl> jJ>Jl d)l5j .Aw^LoJl 10,000 Jl 

(^jJ^>cJl (^Ja_flJl ^3 ^g-Lw* c JLLoJI ^^i-p) ^*k3 ^j>-jlj 

O^j.5 ^JL-^Jl C_Jg-flJ' jli* . Awgj*)/l 5^S\Jl ^AygJ (w-J-fldo jl^X>-l 

Olj-w»c-Jl ^_£jj-flg»-l LjIJLj j_Jl 4_>jJjs oI>j) (0*)A2L) liJ jJj_£_ll 

8000 yZ>u ^>=-Jl ^cJg-*.A» ^ yL~*j3 ^.^3 Ojl^g>- A>-j.S (j! lw\JtA-«-vo| ^3 jL**Jl^ 

cjJ_*^3 j\ ySs^jJu ^IpI ^0^/1 ^y 3 <—£-*&->j <^>-j-C li^l Cj IS" 

j_P ^3 4_>LJLoJl *<w3jJl J-*-j C ^3 £-^_3w\Jl IJ-& (l)LS"j . 1990 _ 1961 

^Jl ^3 ^>il^ U5 c LwoJLp ijwA_>- c ^Jww1j2j ^JLo~jJl (w-.jg-.fl11 ^ 

cJl5 IjuJLjjjJ (Stalagmites) ApIj^>» jl oJ-pL^JI ^JiSJl 

. (141) aj^j i?-ji 2.3 _; JiVl ( _ 5 1 p Uil Sjl_^>Jl 

?-!^j>c_v2-ji d)l jj->c-vgJl ^^_Lp l)Lw%u^/I LfJg-^ ^jJI dgL«jJl U"'^ 3 

lJII ^>3 ap^^>cj ccJ^^yi jJj-^Jl OjLS” (Sahara) 

(w-w JL-*jV1 ^jJJo c oU j*j4 j}\ j ^ ]g7j .^_JaJL <lLaI j^p 4_sL>- ?•!jj>c_vg o'yi 

oO j 15 ^jL>c^aJI l) 1 t ^LflJl J^LJljJl (_3^1 d)l Jj ^ (_5^^ 

*LwXJ 1 4_L^aJlj t ^J-ot OliljjJl ^^5 (1)L*J2_3 ^_PjJ ^jL^j Lo-j 
t Lwa5- y5l ^ jL>c_v2-j 1 j$ lg" j lx kill ol«^j ^ jxJ j ,j»^Jl (Serengeti) 


A. E. Viau [et al.], «Widespread Evidence of 1500 yr Climatic Variability in North America (137) 
during the Past 14,000 yr,» Geology, vol. 30 (2002), pp. 455-458. 

Atlantic 1 Warming 8,100-6,700 Years BP and Atlantic 11 Warming 6,700-4,030 Years BP. (138) 

N. Shackleton, «Climate Change Across the Hemispheres,» Science, vol. 291 (2001), pp. 58- (139) 

59. 

C. Caseldine [et al.], «Early Holocene Climate Variability and The Timing and Extent of (140) 
Holocene Thermal Maximum (HTM) in Northern Iceland,» Quaternary Science Reviews, vol. 25 (2006), 
pp. 2314-2331. 

P. W. Williams [et al.], «Palaeoclimatic Interpretation of Stable Isotope Data from (141) 
Holocene Speleotherms of the Waitomo District, North Island, New Zealand,» The Holocene, vol. 9 
(1999), pp. 649-657. 


67 



L>-j^ ^3 <LujjJl <4j->g i' C-ol5" JJL) / ^l_P 6000 j_>c_> l* ^\ 

Si Pj jlSj . (143) ^%wJl JJ A Ip 4300 j 7000 ^ oLw^Jl JJJ*- 

I d->Lw*>ljw\Jl d->1?' Lo.5” 4_iiajwoJl o3w& l)j_L*_du j*cJi dJjLJl 

Au j-^a> j ^■ S|/? ^*~J (C J 14 l) jj 0JjL> 500 4_P j^j^a d-JwLoJLPI 

jLowJij j-v 2->3 ^^3 dw^jJj-sJjVl 4_Oj*yij djjJ^ IJ t ol j_^w>c_J! 

7000 S jZj}]\ ^3 SL>JJ dJt^j St 4 JL 9 I .5 CUjIS" ^LalaJwoJl 1)1 c <1)1^j_*Jl 

d—$jJl Jl.5 ^3 ^xJl*Jl ^Ja_AA» ^1)15 "j J<-9 ^Ip 4000 

3000 J^J Lo IJl* ^Lj a44) o^l ^ 


.AjwLijSxJl lo S J^A Jl 0jj3 dJJj Co IS" loJ 


JJ 


(146)(145) 


f 


Ip 


A^jjJjJl dul J_J I ^3 (JjJa^oJl ^3U>cJlj to ^jJo- ^v23L 

4300 j->tj t 4 _sL>- Ij jjJl <4 y >Si oj>^w2I LjJjpj .oljlv2j>cJl ,1?jJL^> d>j->cj>cJlj 

^/23lo t (l)j-w*uj-o-Sl) dwjx>Jl jlk.V I 0 j3 ^3 d-4 j+j*S^\ 4_>cdo t 3*^-o-Sl J*3 ^l^ 

oUloL*_> JjJl iS^J l)15w< Iju t cliJ^ ^0 j .daJgdoJl 01SL- ^J-p 

OJ^dj . ^ J^_*Jl ^3 do jj O-oo 4 JI 3 oJU>cJl / ^4 j ^>cJ>cJl SjlooJl J^SJj 

^jS’Lol jlJil^^lj t 0j^>c_^Jlj t ^>-jJj-JdJl £4 Jo^I t IJ^>c_s^2J AaJaLoJI 

/ ^ ^oJJL*oj oliUb ^3 dpIjjJl oIpUj>JJ ^slj^/l jjiaJlj (£j >-I 


H. Lhote, The Search for the Tassili Frescoes (New Y ork: Dutton, 1958). (142) 

.^lodJl _l*j L> jl(143) 

S. A. Woodroffe, and B. P. Horton, «Holocene Sea-Level Changes in the Indo-Pacific,» (144) 
Journal of Asian Earth Sciences, vol. 25 (2005), pp. 24-39. 

C. R Sloss, C. V. Murray-Wallace and B. G. Jones, «Holocene Sea-Level Change on the (145) 
Southeast Coast of Australia: A Review,» The Holocene, vol. 17 (2007), pp. 999-1014. 

C. C. Von der Borch [et al.], «Environmental Setting and Microstructure of Subfossil (146) 
Lithified Stromatolites Associated with Evaporates, Marion Lake, South Australia,» Sedimentology, 
vol. 24(1977), pp. 693-708. 

H. Dalfes, George Kukla, and Harvey Weiss eds., Third Millennium BC Climate Change and (147) 

Old World Collapse (New York: Springer, 1997). 

H. J. Dumont, «Neolithic Hyperarid Period Preceded the Present Climate of the Central (148) 

Sahel,» Nature, vol. 274 (1978), pp. 356-358. 

K. Nicoll, «Recent Environmental Change and Prehistoric Human Activity in Egypt and (149) 
Northern Sudan,» Quaternary Science Reviews, vol. 23 (2004), pp. 561-580. 

K. Nicoll, «Radiocarbon Chronologies for Prehistoric Human Occupation and Hydroclimatic (150) 
Change in Egypt and Northern Sudan,» Geoarchaeology, vol. 16 (2000), pp. 47-64. 


68 



apIjjJI d-olS" jlSLJl ^>-L& JJ 33 LIS' oj y>^y 4_aJa-LoJl O.JIS" 

y**-> ^^jJl ( j_o La 3jL> JL<>wJo ^3 <_sL<L>- l-A_> La j_lp ^^Jl ^_Lp Li 

(J^j>- (__£jj>c_>cJl j-s^2_*Jl oliLiL) 4_>l2La jL^_>! ijl-Lfii jlS"j .3jLw<jl l)^ 4200 

. J 1 y>x^\ y oUu3j jL*_jJl ^3 t*_3LL>- £-a l AjI 3 CJjJl y ^S "y 

O-j 15" La jj_p (^jL^oJl J^3 ^Lp 5800 — 6000) 3jJa^-aj jl3l3 3J_*_> jJJ-s ^^Jlj 

£W U, ^ jlylL-Vl ^Ij . l y 5 y\j <LoloULJl 

jLyg^iJJ ojLw<Jl J^i ULp 3320 _ 5240 y» (Yangtze Delta) 

LJjJl jLSv-wJl ^Lpj . ^ ^3jJa-owoJl S3jUl oLij^l JjL>- oLwoJl j 

( Ju--3 1250 — 2410 y-> La 5 yji Jl y> OjjJaJj oL>jJL*^j 0-*-^-l jJ <!i^j>- 

jJ>-L&j (. 3 jLw<>Jl (J^ 2200 jj>o ^>1_P 200 4jJ~a ^£3l y I IJjj .3>Lw< j| 

A^ak>c ^Jl UjJI jtL* ^Jj JL>JI 0- u- Ul 


(153) 


j.U 6000 _ 1000) ^jJ^Jl 


^3 AJi^&S' 4_j jl - h >~ 


jjj>- 


^3 JUl>cJl *^>-liwjj-LS' JUia 


(154) 


<xj olU>-)j (.5*)L^>Jl 


j>1 jcl^I 2003 j»U- 


4700 ^ 

I_JVl JLj>- J j>- oJL«J>t 

J“>L^ <2j y d4^213 

I 33 I cJlS"j 


^ (l^^oj-^) (Schnidejoch) ^y-jyJj 
a ^P 0 j-w23 LL ^1? jLS" ® J-JwvlJl ® jl Aj .^l_P 

jl JLJ y-k\j .3 jL_Jl J^i 2700 flp ^Jl J^ 
^y}\ y* I 33 I OLS" Laj-Lp 4»wsi>L<>Jl 5000 -Jl 

y y>^\ 3J^jl yg.j ^3 L^.4 


^ jl ^Lo-j jj ^i^l ^j.!?.*.** dJ ^-^J^ 

. (156) j^l ^ Jlp! ^ 1.7 jl5 c-a. 


4040 ^Jl 5600 ^ _^JI 


W. Wenxiang and L. Tungsheng, «Possible Role of the «Holocene Event3» on the Collapse (151) 
of Neolithic Cultures around the Central Plain of China,» Quaternary International, vol. 117 (2004), 
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S. Yu [et al.], «Role of Climate in the Rise and Fall of Neolithic Cultures on the Yangtze (152) 

Delta,» Boreas, vol. 29 (2008), pp. 157-165. 

Z. Chen, Z. Wang, and J. Schneiderman, «Holocene Climate in the Yangtze Delta of (153) 
Eastern China and the Neolithic Response,» The Holocene, vol. 15 (2005), pp. 915-924. 

D. H. Sandweiss, K. A. Maasch and D. G. Anderson, ^Transition in the Mid-Holocene ,» (154) 
Science, vol. 283 (1999), pp. 499-500. 

Henrik Svensmark and Nigel Calder, The Chilling Stars: A New Theory of Climate Change (155) 
(Cambridge, MA: Icon, 2007). 

R. Beaman, P. Larcombe and R. M. Carter, «New Evidence for the Holocene Sea-Level (156) 

High from the Inner Shelf, Central Great Barrier Reef, Australia,» Journal of Sedimentary Research, 
vol. 64a (1994), doi:10.1036/D4267EFl-2B26-l lD7-8648000102C1865d. 
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jj-*-y J C—3jJl 1 J_& ^j->~\ ^Jl_*~« jl klj-p-l Jwo-JLj 

L^JLp 1 jJc^~-<J>\ kpljjJl oU^j^<JIj c^aJ ^Jj J/1 oU J j*'yij t(Peru) 

®j-^-o Jl» ^j^>Jl <_-^kkJl JUj .^0^1 (3jkJl ^ LgkjJkj oljUa^Jl oLioj 
ojl^ ^ ^1 Jlp (157) ,^JI Jk 3800 Jl 6900 ^ U ^ LsU 

^jJLw^j ^_Lp- y-^T 4 '-^lkl 4_JJ-*-*-^! oLwoJlj ^ ^j_Jl Li^Vl j_>s_Jl 

jJj c j-SjI dJ j-^>c-Jl oL jj j l ^j_) jJI Jkj>- t, J ^_gkl . 10°S 

.3>bw<Jl J-9 3800 ^Lp J-*_i jlkjsVl 3jk-& ^3 \ja\yLa \j^xj ^*>j_pL>J/L*Jl jJj>-j 
(160 J^>JI J. :J Jl jljuhl ^1 SlUJl LJI i^t ^ JjlJ olJLJ o 
kjb^lj JG ^ ^JJl Jlp c$k!l (El Nino-Southern Oscillation) 
jj>o <cl>Jj>J| kjjkJl ^J) 4jLk J Ukl b jj ( /^5bo-> . ^Lp 4000 j^>c-> Ji jkl 
. (I62) jil4Jl i^Jl JJJ. J i*>LJl JJ 3800 j»U 


£J>-I j-kl^ 


oblkJl Jl 




Ik&j .4JLwJl 4^>kjl ojkJLoJl oL^LwJl 




6000 Jl ^j-Jw*kl i^Z^a ^Jp d->L w^aiJ l OLIj3 d<> j^kl l Jb-kl ^J-*_3 .*LwoJ_*Jl 

Jl y>- Jj <r\y>r^> J| 0jk^w^J J jk->- <kl3 ALo OjJu ^jkc-vaJl Jl o^Vl 
i (165) Jr j)j~^\j «, ° 64) Jrj^jSlI pip JsVi « ^Jjo I l&j . (163) j»ls- 2700 


D. H. Sandweiss [et al.], «Geoarchaeological Evidence from Peru for a 5000 Years B. P. (157) 

Onset of El Nino ,» Science, vol. 273 (1996), pp. 1531-1533. 

M. K.Gagan [et al.], «Temperature and Surface-Ocean Water Balance of the Mid- (158) 
Holocene Tropical Western Pacific,» Science, vol. 279 (1998), pp. 1014-1018. 

M. K.Gagan [et al.], «New Views on Tropical Palaeoclimates from Corals ,» Quaternary (159) 
Science Reviews , vol. 19 (2000), pp. 45-64. 

.oLll ! ^-oLJl J.vg.dll jJo J) jIjxaI jp J«( 160 ) 

J. Schulmeister, and B. G. Lees, «Pollen Evidence from Tropical Australia for the Onset of (161) 
the ENSO-Dominated Climate at c. 4000 BP,» The Holocene, vol. 5 (1995), pp. 10-18. 

K. A. Lutaenko, «Climatic Optimum during the Holocene and the Distribution of Warm (162) 

Water Mollusks in the Sea of Japan,» Palaeogeography, Palaeoclimatology, Palaeoecology, vol. 102 
(1993), pp. 273-281. 

S. Kropelin [et al.], «Climate-Driven Ecosystem Succession in the Sahara: The Past 6000 (163) 

Years,» Science, vol. 320 (2008), pp. 765-768. 

R. Kuper, and S. Kropelin, «Climate-Controlled Holocene Occupation in the Sahara: (164) 
Motor of Africa’s Evolution,» Science, vol. 313 (2006), pp. 8803-807. 

D. Verschuren, «Holocene Climate Variability in Europe and Africa: A PAGES PEP 111 (165) 
Time-Stream Synthesis,» in: Richard W. Battarbee, Fran 9 oise Gasse and E. Catherine (eds.), Past 
Climate Variability Through Europe and Africa (Dordrecht, The Netherlands: Springer, 2004), pp. 567- 
582. 
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oL-jI J jU> oL jj c (167)(166) ^ j> ^SM JujUJI oULkJlj 

ilsl™o oj s- LfxS^Jj i jJUJl 4_)Lg_i cLLLj jv-Jj • ' > i _ r ™Ua'VI k.Jx^Jl £-15 
LSL*_L*Jl y>-\ LoLta_j Jj-j AJLwJl ^Lia_> l)I 

^-yg-xJi ^j>- j jjLjJlj (jj_>j_SsJlj c oUJlfU (o^U) 

cLLLxJ 4-^_jL jjLa Li1 l LSs_—o V y I <._> j& ^3 <1j I j-*j>^j <Zj L^ai jj 

^jX]\ ^_tLiJl ^j-p J2 - :: j>c_^JI oi>j ^Jl 

, (169) Jj*>l^ J i>j LijjiSl 


■ijwojl w^*_) 


o*>LwoJl Jw-_ 3 3800 j>Lp j->o ^ 
c^'jL.yg->cJl jL^jI ^Jl c-o! Ij-^J 4_5 jLwvJI ^»Lp 400 _Jl L^_> 

C-olS"j .1 jJa-a ^xS"lj li^l olijl t L« CjI jLygj>-j 4 j jl^>c.yaJ 1 

C^w?l Lsjj-pj ( j- 2U>-J.5 j->e_> j» j-Jl Ojl U^l Ojl j^SxJl <U>-J.5 

LJlt J^LwoJl ojj* J-iolJ IjJa^a jJL$ 3 4-°j-*Jl (^jU^waJlj t ^jL>c-yaJi 

IjP*j . (171) Uaj! Uita LJL^I JSL (1)15 t <170) ip|jjJl jJz*-’j ( _ r P jJlj i JL.ya.Ll 
^3 Ol j^-xJ CjI oJ_& Jj_9ljJ .iwJ-A^LoJl ^LUoJl ^-1-3 1 _Xj oljL^Jli 

L^_l5" jJ>- CjI jJ*sl\ o J_& t jL>c_flJl 4 _pLw?j t 4_p|jjJlj t*Lw^->cJl 

* (jj 0.5 jp 4j I Jj 


o j-a 1^jL> j_>cJl C 4_^Lj>tj L« 

J^i 3300 ^1 3600 y 




-*y 11 3 _a j_*_j 


? JJ 
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M. P. Waller, F. A. Street-Perrott and H. Wang, «Holocene Vegetation History of the (167) 
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F. S. Hu [et al.], «Cyclic Variation and Solar Forcing of Holocene Climate in the Alaskan (169) 
Subarctic,» Science, vol. 301 (2003), pp. 1890-1893. 

J. Malek, «The Old Kingdom (c.2686-2160BC),» in: Ian Shaw, The Oxford History of (170) 
Ancient Egypt (Oxford; New York: Oxford University Press, 2003). 

V. F. Nguetsop, S. Sevant-Vildary and M. Servant, «Late Holocene Climatic Changes in (171) 

West Africa, a High Resolution Diatom Record from Equatorial Camerron,» Quaternary Science 
Reviews, vol. 23 (2004), pp. 561-609. 
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oVl ij J_A La ^_3 j—oJl (^j -^J 4 _£-^—'-^ ^ ^JJJ^ A-wJ^l OlJ—L>c_lJl 

<2j t)L>c_*-a . j-^Q-A j LLL> t_5^ (jjL -yaJ i (1)^-^-^ l9 j-^ J t (^ jL>r ^aJl 

0 (^1 ^>-Vl (Jl^j) 4_>- ^>-^Jl (1)^ LoIj^j CL>I j*J>u dJ L^*» jj ^3 4 j jL_P <lj\jL*b 


Ujj t (172) (i*>Ujl JJ j»U 3100 _ 3500) ^L*JI Jiljl ^ 


Jl iJUJl olj-b^Jl Jlp ^jjJlj ^Jl ^Ij . (174)(173) , J UI £LJJ iku-l 

• 0 1 i_) Lj^-J I ^ yA \ (Jljj *)! <dj>-li jl?La ^o! J 51 " 

C oL-yg.^il J t jJ>c_v 2 jJl J j_L>- LoLjLl ^J^L-a'yi J^Z. J 


'I 


LjdiSLLl o^L>t-wsJI u^j j . LajL^jIj L j>j o^CoJl ^.L^Jj ^xLaJL ^jJl 
^c^jLl ^L-> j ^/2_3 Lj_J L>c-oJI ^/?L2J>c_}| cJl^ ^>Lp 5000 ^Jl 5 

LjdJl ( /^a C^L-Lv-a J .^1S"I A_>-J-La ^JwoJ^xdo (_£ LJ I ^l_OjL> AjjLLj 

cJl^j c 4 ^pIj^J| ^i_P ^JlJI ^1_P (J.-L> ^ f-L/Lo 

. (J jJl>J! ^JuJl ^y3S>-j Oj^ ULi>- ^lS" % yi v $J jJflJl 

ojjfc J*>\j>- 0 jLv2j>cJ| CUP^P.LiiL ojX3 OjUlj AiUJl 5^ojJl ojjfc CU*_J 
t ^Ll»«L' I j ^ 1 t ^J»p o y^***-x*j o^usIuJl o 

Lo-l-La C jLJl JwjJl (j L/SL^3 ^1_P UULp! l oij LL->cJ' ^L^-a IwL^-a 

J^_) (1)jL-a 300 J->cJ C jLl ^j>-J jLl j-v2-a ^3 (jLxJl 

14,700 ^j-o cui-L^ ol^3 ^3 «uLj>c-a qUUj w\^-L jJL) .a-lJjJl ^3 JwwJl 


JU-^Jl v_a_v 2 LI 4j j ~~j£ y°j ol>LLv2» ^Jjj4-I j^2^J|j JjJl oIjLp 0| (172) 

,(o-b»tXll 45 LLIj 4.«Ja.,>«jLij AjjIaJI <u«/3j*yi 3^5\Jl 

M. Atherden, J. Hall and J. C. Wright, «A Pollen Diagram from the Northeast Peloponnese, (173) 
Greece: Implications for Vegetation History and Archaeology,» The Holocene, vol. 3 (1993), pp. 351- 
356. 

S. Jahns, «On the Holocene Vegetation History of the Argive Plain (Peloponnese, Southern (174) 
Greece),» Vegetation History and Archaeobotany, vol. 2 (1993), pp. 187-203. 

T. H.Van Andel, E. Zangger and A. Demitrack, «Land Use and Soil Erosion in Prehistoric (175) 
and Historic Greece,» Journal of Field Archaeology, vol. 17 (1990), pp. 379-396. 

R. Carpenter, Discontinuity in Greek Civilization (Cambridge, MA; London: Cambridge (176) 
University Press, [1966]). 

T. Jacobsen and R. M. Adams, «Salt and Silt in Ancient Mesopotamian Agriculture: (177) 
Progressive Changes in Soil Salinity and Sedimentation Contributed to the Breakup of Past 
Civilizations,» Science, vol. 128 (1958), pp. 1251-1258. 

J.J 2,160 JJ 2,686 y* oJ^A\ 3^LLII ^ J.jVl isildJl 3 jZJ Jl ^^411 (Menes) (178) 

.^>U1 
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J^Sj Cflp 7600 ^1 7900 J^Sj 9000 ^1 9700 J^Sj aU 13,100 ^1 
2200 _ 2350) l,^J\ iS0u_Jl oyojl .»U 2800 ^1 3200j 6300 

0j^23 o oJ_a dJl5j tdita d->li j I JdJl ^_3LL2> -p 0*>LJl Jy ^Ip 

.L^_)jJ j>- liSCwa y>L I <LJLdl ^IjwoJi dd j^j: 


jt-j c ^^jjLS" ^_3LL>- 3*>LwoJl 2200 ^Ip ^Jly>- iJLJl ojLJl oyuiJl jjilj 

/ ^Lp 4030 ( J«3 ‘L^J’jS I o^J! y>j ^1 yjl 

^3 ^_3j_^5Lll djL_w*> jJ y-di J oj5Jl y*a J_l>cj| C_jLy2jJ' ^3 Lyffljj ld_A 

iddd LiljL>- IJlA (1)15j . <LjjJ~a 4j>-j 3 1.5 y_P ( JJL> Ojly 5 * - 4 L>-j 3 IJjJ-jj^-o 

C oLjj_l?lO jL^jI • 4_*_w*»lj 4plj>cJi (5^J I 42LS"y>- 

d~d)L LoJJa^a \j^aS' 3>Lv^»Jl ( Jy 1900j2200 ^>jLp yo odd^oJl Syjdl CoISj 
dx_S5CiLi^ .osjLp yL> d—yj' yJl d*oL*<*Jl ^_v2^<>Jl d>5L>tJl aJ^A-wvJI 

l^_*d C 4_>j^3 (jwLoJl y« Laj J-L-O dJyOj t 4 _j dS"^I Ljj-i^lI 

J__^ ^^Jl-p) (Indus Valley) ojl *5 >- i?j_i_^j oljjJ? jLo 

yo y^ojjjl _ jJj^Jl LjjjI olSw y>-lAj / 182) ((Harappan) <1 )UjIa tjldjl 


-db “j'^b ‘bbrb ‘djj 
c_5Vl JL>- ^3 ^jLLv^ * 


l jUc L^_>jJj>- cJLo-d 

oJjijj / \yw2_)l j_p jLo~d) ^dLdw*5j 

. 4jI 


*lL>- 3 yy_> £_)Ida ya djJdal L^ws^jL j* daJgJw^ AjJS ^I 4j j y £>\^I 
(J '-■* oJ->lyjLoJl v_3\_<2_^>x_JI (jl *)J J • t _5“ } ^ 


ol jJl}\j 


I ^Lp c_iL>c_*Jl ^_3L2 j>cJI olj-d*> 4 jIJ j ddLpI Cj15 4_>j j-^Ll jjjLlJI 


.d- 2,850 _ 4,030 JJ Suboreal dyJl (179) 

P. W. Williams [et al.], «Palaeoclimatic Interpretation of Stable Isotope data from (180) 
Holocene Speleotherms of the Waitomo District, North Island, New Zealand,» The Holocene, vol. 9 
(1999), pp. 649-657. 

B. Bell, «Climate and the History of Egypt: The Middle Kingdom,» American Journal 0/(181) 
Archaeology, vol. 79 (1975), pp. 223-269. 

B. Bell, «The Dark Ages in Ancient History,» American Journal of Archaeology, vol. 75 (182) 
(1971), pp. 1-26. 

K. J. Hsu, Climate and People: A Theory of History (Zurich: Orell Fussli, 2000). (183) 

P. deMenocal [et al.], «Coherent High-and Low-Latitude Climate Variability during the Holocene 
Warm Period,» Science, vol. 288 (2000), pp. 2198-2202. 
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3 jUl ^IjwoJi dj \^3 AijJL ^TJl jUJl oLp^ .^Lp 300 

LJL>~JLll j^]\ ^j-o b 3*)L oJwoJlpI jJL) . ^xS"! cblL>cJlj ^LjJl 3 j-wsJ LoJ-^p 

(Tdl (J*)LJ <UL>-LoJl SL>Jl ( 7yJ Ojji 4 *jj! l ‘LoJgJC-oJ' jlk^l ^Lp 
li_A .ijjLS'Vl jL-^ ;1 ^Jl dlb .AJo~L<Jl c Leilan) 

d)l Lg-y 2 -*_> 4»o J^Lw* ^3 jl 0 jjL>cJos CjIjLo 2 j>cJ ^jOsljJLoJl jL-go^l j ^ Ja-)j 

Ojl$j| Oljlv2J>cJl (1)1 ^»P^J| ^i_Pj / (1)15 ^IjodJ ^y>-LLoJl ^-JcJl 

C ^IjwoJl ^J-sLJl ^j-^ljJl ^UaJL^oi J-A3 C jj>cw2jJlj 31 

. (186) jl y^^\ l^y^j 

Aj3^sS ^Lj o2)1 d)Lo-P ^3 ^L j}\ l_^_13-i3 I <Zj b-_*>jJLoJl j-gJao 

j-* ^L^Jl o^j .3*>Lw<Jl J^J 2562±125 ^Lp olJjol jJ ^Lp 300 c~ob 

(JLowJo 4^oJg.^Q3 I-LoJL^voa ^LjJl 43 jjL (_£-bJl jL_*Jl (jib Jl 3J .^bLbtJl Ol 
oj^sJl iwfl-yaJ ^3 *uL*-bd 1 Ja-o>c^Jl CjIjLJ C-oIS" Loojj . ^jj ^j-o b 3*)b 
j-^Jaoj / ^CU3jJl Ula ^ ^px-yalJlj 3ljJo^l ^Jl ^Lo-JL)I 

L^3 Loo 4JL>-Lb *Lb-LoJ Olj-JG j j Lfc-Lo-Jb ^3 jJ->cjJl ( /^o A-Jo>cJl ( J 

-LpIj-^JI ijjJj . (189) i*>L^Jl J^i 2000 aLp io- 300 «JJLo OLL>- 

^LoJl ^Lo2 JLA t)L>ioO LjwO>- ^3 0-3 ^-P ^3 0 A ^ S' ^3* (oAp-Lo^ 4^w*Jb 

^aj c ^ ooLg-SsJI oLooU tLw^L>Jl aIp 7000 IS"cJLo-Ji ^3 
0 L 0 jJ ^3 jU*sJ j-i olJloV J^o2_sl Lb-Lioj *>L> C _^ ^L?, 

^-^-Loj .^Loo j_LJ 1 oL^LwoJl jUl s-LL^I ^3 ^Jwo-*jl^wo <ij LL^q>c-oJ ^-o>c-JI 


K. J. Hsu, Climate and People: A Theory of History (Zurich: Orell Fussli, 2000). (184) 

P. deMenocal [et al.], «Coherent High-and Low-Latitude Climate Variability during the Holocene 
Warm Period,» Science, vol. 288 (2000), pp. 2198-2202. 

H. Weiss [et al.], «The Genesis and Collapse of Third Millennium North Mesopotamian (185) 
Civilization,» Science, vol. 261 (1993), pp. 995-1004. 

B. Smit and J. Wandel, «Adaptation, Adaptive Capacity and Vulnerability,» Global (186) 
Environmental Change, vol. 16 (2006), pp. 282-292. 

H. M. Cullen [et al.], «Climate Change and the Collapse of the Akkadian Empire: Evidence (187) 
from the Deep Sea,» Geology, vol. 28 (H. M.), pp. 379-382. 

W. Shaowu [et al.], «Abrupt Climate Change around 4Ka BP: Role of the Thermohaline (188) 
Circulation as Indicated by a GCM Experiment,» Advances in Atmospheric Sciences, vol. 21 (2004), 
pp. 291-295. 

L. G. Thompson [et al.], «Kilimanjaro Ice Core Records: Evidence of Holocene Climate (189) 
Change in Tropical Africa,» Science, vol. 298 (2002), pp. 589-593. 
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<L*_2M cuLv^j Lo-Ls" 

4_>J-J->cJl JL^>JI C-otajlJ Ja.-s>c_^J 1 5j-> i 4U^> 1500 J5” c^jMl 

4300 Jl ^^3 cjuji v siJjfc . jUa^Ml JajJL^ 

( jj j_^Jl ^j- 0 J 3*5d> ^3 j^SsJl <_3La_>xJI d)l L>c-valj jJ-oj . ^Ip 2200j 

^IjwoJl j^Z 2)1 cJJ. Lg_l5 Ja—*jMl (3j-~Jl 4JLiaC-4 IjLdLul ^l5Ml d)l5 
jL^-jL 43*5dp ^^oJL^Jl J ^dL>*5dJ 2)1 Lo5" c 0jlya->Jl ^j^JaXI iS cJ^ 3 ^" 

Ls^.>Jl ^ ^zJcj £S\ Ml o LoJwo <. ojL2l>J 1 


(191)„ 
°J 


J-*_j 15j5j-« Ja—>j ^3 A*_3ljJl A-oLLoJ 1 ojLs2l>cJ1 4jL loJ j~*t a» j-O AaJ 

UjJ . ^ ^_U 4ww ^-oJl jLlaos M1 Ja ^JL —1 ^_Lp l pa. > 1 d- ) Ux>CLP 1 1 c lULJJ 1 oUP 

( /^5sj ^Jj • 900 _ 899 ^Lp j->cj lj-a- wUJwJo ^_3 LL>- J*5dJ>- ojLya_>cJ 1 0 OjL^J 
^3 o^&3J-Jl jja^ ^1 p t^j-oJ5Ml (J^ 9 c LLjl d)l5d—> 

.4iU>cj IdU—> LJax-> '-I ^5sJl jljU>-M I d)l jLJl IjJ j ^Ja->j .^Jo^Ja <,_3Ld>- 4-ajl 

1 j~~> LwoJLp lili>- c_3L>c_> (1)1 ^J—/?-3M1 c lJU—> <« slatj d)l ^Jl ^1 —>sj L5 1^1^ 

^-vaLoJl ^_3 lJ-& <2jJkj>- J_a3 c wo—xJl Jgl—uJl 45jj>t-> £_—»lj J ^Jolo Q 2-0 

•<5^' S j*° ^J-^J 

<—>^p JL~5 j d)du5Ul <jMl —u l« (Indus) ^jJj^Jl <js\j ^ <1)15 

L^J cup jj l jl^ _ j-Zj*>j^j IoIjLa Juo d)Joa c pLp 3500 4500 ULg.) 1 

LjUaj t 4 I 2 J j>x Jl ^jP IoIjLa CUaU>-1 \_j ^JaJlj ^JajiJl^ op^-j>cJ1 

LJ>-Io5 1 j *.xj (1)1 jJ* <uaJaU JSS\ (jli t L^_Ua»- C-ojli o ->5 (2-UlC2i 

l ^ \ ^ (^-!l 4 A J a -oj 1 (1)1 ^05 ^-P^Jl ^_LpJ .L^oL5d^A< Lgo! J_>- ^ 3 ! 

t(Pollens) 0 L 0 JJa 11 ^jj-jL^-Sll d)l Ml td)Ml cila^ cua>^_oal d)j—>ljL^Jl 
43j yJ* 4-aJa-CoJl Cj 15 C J-43 . 4j2_Ll>co 3 4_o2_i ^_Lp J-Lj Cal^- 0 >t-Jl oLw- jJJ 
^Lc>toj . (Jamun trees) d)j_^L>Jl jLa^-51j tljj^>ww<Jlj t^^laJlj 


A. N. Williams [et al.], interpreting Trace-Metal and Stable Isotopic Results from a (190) 
Holocene Stalagmite from Buckeye Creek Cave, West Virginia,» GSA Salt Lake City AGM, October 
16-19, 2005; Paper 131-133. 

P. deMenocal, «Cultural Responses to Climate Change during the Late Holocene,» (191) 
Science, vol. 292 (2001), pp. 667-673. 

M. Mandella and D. Q. Fuller, «Palaeoecology and the Harappan Civilization of South (192) 

Asia: A Reconsideration,» Quaternary Science Reviews, vol. 25 (2006), pp. 1283-1301. 


75 



^j_P JJLj ^ jUa^i (J^^J-P J~*~° J~^ 0j-«L>*Jl 

. 4aL?-1-oJ' 0 j-A ^3 ^]l>cJl jUa^s'yi JjJa^ c_4_*_v2 (^1 t ^»L*Jl ^3 \j^SS^j 

1800J 3000 ^*Lp |j->- ojJa^w^ C-olS" ‘LaJaJ-oJ1 2)1 ol j * j > c-Jl CjL^a>jJ ^JaJj 
.^*>L<Jl JJ 500 ^Ip 4iU- JJ> 

^3 <L>^>c-Jl oL^*>^iU (C 14 ) 14 Ojjj^vJl JL>J <Lj Lw^o^L oJl 
^3 jUa^sVl (Jj-ia-k ^_1_P ((1)1^51)) ^*2ul jS ^y* <_->^JL)L> <^1j>-L*^J| ^aj'yi 

2000 ^Lp jUa^Vl JjJajfc ^yii Lj jJ j .(Hinterland) a iL?:*JI 

(3j-*2Jlj ^_oVl c3j-*2Jl ^3 wtjljjLoJl <-_3 Lj2_>cJI ^3 ( /^IjjlJLj ■5'5^-woJI 1500j 

s^jIj c j_g-j• ^_3 ^jl^Jl pL* j_>j j__& Lo-5" c 

j^JaJJ .J-L^Jl ^_P cjL^wJi Nj_vajj L^S"jJ £-|jJol ol 

100 ^Lp ^Jl 200 ^Lp oljjol ajjj. 5 ^_3LL>- ol jJls oj_a ol j-w>c_JI oLw-jJ 
JJ_V2_*J I _^lji) ,_pil_. 1600 «U J1 1000 f U Jl^j. .i-A.JI J_i 

.<■“>(>.jll 


A^vaj^l o j^\ JJ c_i-v2jJl ^3 *)2>c^*w0 IjwoJ' j^xj 

<C^3j! ^3 4.A/2.3 LJj ALxjj A_Laj| J_)IJJLoJl jUa^Vl tJjJa-& 0^ t t^_*^>c_3 

(197)(196)(195)« t, 1<r f J I | ^ . ~ . m* 

L A_o ^Jj>cJl 15 j^a) i_Jl j*j> c_> Lg_i ^JLo-o o ^Jo o c_3 u2j>- 

Ol j-^xj 2)1 j-^JaJ C L^A.j j_s! <—>j_L>- ^3 j^xj Lo-5" 

.<U^JLp 0wtS od_& ^l^woJl 


Jl5j .^w^aJl ^3 ( Jw-j 2000 j»lp j->o o j_jJ_J o 


o ^13 


J. Shaw [et al.], «Dates and Pollen Sequences from the Sanchi Dams,» Asian Perspectives, (193) 
vol. 46 (2007), pp. 166-201. 

U. Rad [et al.], «A 5,000- Years Record of Climate Change from the Oxygen Minimum (194) 
zone off Pakistan, Northeastern Arabian Sea,» Quaternary Research, vol. 51 (1999), pp. 39-53. 

A. J. Chepstow-Lusty [et al.], «Tracing 4,000 Years of Environmental History in the Cuzco (195) 
area, Peru, from the Pollen Record,» Mountain Research and Development, vol. 18 (1998), pp. 159-172. 

B. L. Valero-Garces [et al.], «Paleohydrology of Andean Saline Lakes from the (196) 
Sedimentological and Isotopic Records, Northwestern Argentina,» Journal of Paleolimnology, vol. 24 
(2000), pp. 343-359. 

M. Iriondo, «Climatic Changes in the South American Plains: Records of a Continent- (197) 

Scale Oscillation,» Quaternary International, vol. 57 (1999), pp. 93-112. 

K. Holmgren [et al.], «A Preliminary 3,000-Year Regional Temperature Reconstruction (198) 
for South Africa, pp.Research Letter,» South African Journal of Science, vol. 97 (2001), pp. 49-51. 
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(3c cJLo-ji ^3 L/2j 1 0-L>c-^i L^j*y j-^bdlj 4 -^oJIp o j-& 

o^j^->cJl c I (_J c LJLjil j-~*j c Lww^l (_5^ Ja_*^iI 

/'"■'jjL/j'S/I I (_giljj 

^3 iIjLo *w^L p 300 (^3Jl c_aJlSCJ| <3La>cJ| I J_& J-*_> 

( Jl^ 3 1300j 1470 ^sLp ( /^o {£j->j j-Jl j-v2_*_U 3 jJls c-oL^ ^_>jJL)I ^JL*Jl 

^U-ixiL-'yi j^Ul ^1 SfU-i ^LJI _^U cili^Jl . (200) ^*>UJI 

^_9 AJCL3^ doLS" <dwaL) ^>3 Ij->c-l. a/?,Xa<>i3 

£_jl_Ji> c AJL>cJl 4_S0wOwoJl^ c A>j j^Si^ I 4_>j^-lalj_^3^ I d> 

13—& ^31 j . ^Ja_w»» j_Jl A_> ^g-<J i 4_j j j_Jal j_-_^s'y I j t ^j_<w ^2_Ji ^3 4_^_5 "L>c_J| 

J-ij .djl_>j^1^10jLyg->cJJ AoI^-3oJl ^Osj'yi ^5 

C ^ ^ -o j L^»* 0^-^"^—* U ^ 0 J-mU i , - A * -/^ ^ ' C J) I Aj ^^ ]a'I i, - 1.-i i 

jl^-Nl 3^3 di)u cJlSj . (Mycenaean empire) Ad-~~Jl Aj^ial^^/lj 

. K i y^jJ j_^Ji)) ojj^ ^L ^ .a> 

^ <_£ji*“l o^3 doL*>j .^*>UaJl (l)jjJ £-« iSyJJ ^ 2 -*Jl C^aL>- jt-J 

j_Jl>JI , (202) i*>UJl J^J 500j 1300 j-o ^jXJl 

( /ys ( JwJaLw^l Cj j_^_laj c ^^pIjL^j WI 3 IJ c c ((I5w»^I)) 

^L«LP ^3^1 UlA jJj .^3j-a d>Ua^J>c-x>JI ^3 J-J->cJl JL^>- 

^3 4»3>cj! 4jjjJal d*J 2 _*_v^ _ Jj j^>cJlj d->ljJ-*Jlj iULdSsJl 3 1 J 

3jL^a.>eJ 1 o 1 ? a Lo-S" tUjju J ^- 9 1200 j>Lp cJj-s^Lj'yi 

j ^JaJj .doLjj-Jij <jj j-d^l CjI jLyg_>cJl ^<—^L-v^>- ^Lp d3w^ww<>Jl 

1269 ^^Lp ^pL>cj 3 iJLjfc doLS"j 1^ jL» oLS" ol 

3>^-woJl ^Ju3 800 ^Lp 3 iiLw2s ^j-!x_) ^*3j 3^\-woJl 1241 J 


R. Drysdale [et al.], «Late Holocene Drought Responsible for the Collapse of Old World (199) 
Civilizations is Recorded in an Italian Cave Flowstone,» Geology, vol. 34 (2006), pp. 101-104. 

L. Hempel, «The «Mediterraneanization» of the Climate in the Mediterranean Countries- (200) 
a Cause of Unstable Ecobudget,» GeoJournal, vol. 14 (1987), pp. 163-173. 

C. A. Perry and K. J. Hsu, «Geophysical, Archaeological, and Historical Evidence Support (201) 
a Solar-Output Model for Climate Change,» Proceedings of the National Academy of Sciences, doi (2000), 
10.1073/pnas. 230423297. 


.j£\ Lr ^S\ Jj mJ d\ ( 202 ) 


77 



jC lolS" Lolo jia J^Uaj>cj| C-^3 j}\ vilta ^3 

yrW U5 , (203) i*>LJl JJ j»U lOOOj 1100 ^ SJLi^Jl Ip Jl jjk^ ^ 

.JjJ-ji «>i 2 -o ^ yyj I^<1)15 LoJlP ^ c CU3jJl villi ^ c ^j-gJ 


J^2^a ^ ( Jj>c_^j .^^A-oJl 800 j»lp JwjJl C 5 5 l)Lv2-s 3 Jo>- 

4jLia_L« Cx* £y*~~ l-g-^ <1)15 ^^LwoJl 450 j»Ip 750 j»Ip y* 5^ol 

J_^J Jl JwLv/2-^a O ^>-L>5 OLw- jj J^'h'lj .wLiwLJi ^ J-O J V__i2j>tJ oj_>-I 

^jJs,A>n Ju (1)15 oj-%^>c-Jl jJLwvwa (1)1 LJLjil (3L)j^iSo o j*j>t-i y^J <• jJl 

La ^i5l o^L^JL^i^ dl^JolJl^ ijj—Jl o_j^ t dJUJU a_jL>iJL^! j • jl 

,4j j*j2~ oJl ApljjJl .ilJLj ^Jj>-1 y* oLwoJl ( 7yJ Aol*lw*<l 

0 jiocJl 0 L*o«J I 01*3 V—C s*_5l wL 4_> 1^c»**a> I ^ C Lo <-C*4 jJ>c_Jl \s * ai ^ ^ p IS” ^ 

^3 .iSLjk viols' J / ^^oJaJlo CUlLa L^lSsJj ^ j}\ *Lp-L>tJl ^llj j-v2-a ^^3 

IfJ viov^-l^j .^%^}\ JJ> 200j 600 ^Ip y^ c 5il>- OjL o ^5 LJLjil <JLo~i 


•lT* 


Ul ^>-Laj 


, <Loj -^1 (^jL>c^Jlj 3 ^5\Jl aJL4 y>x^a,\\ y* 

jJ>cj) (_5^^->cJl j-o2-*Jl iSy’J j»o2_*Jl ^J- 0 (Jl5l»' , yij L**oL ^lloJl (1)15 

j~iJl j_^o ys- Jolj'yi oLajjJl I)j5Jj_oJl v_^i5 J_3j 800 

c5>iwij>-! d>wi_>c_i 'y ^.a\j o-Lo ^/?^ % yi ^cjg-^ ^5^jiJi ^c-i51 ^ wLo->tioJi 

(IJjJjjfe) Jj*>L^oji jP- ^3 4 ^>-jJj^5j 1 Oj-^kl .^jJl LJUajJ oA^5 

^^j'yi ^Ja-^ C 1 _>cj Ulp j jJa-o^oJl ^.^aJaJl dl^^-3 

Ji5 cj j^fol / ^JlpI y*%> <W2ji>ci3 ^j>s S^>c^Jl ^1 p pLoJL 

cJaJL^Ij vlolS t ^^5jP j^a>- 3-^^ i^l “^>^1 {y* 

^1 ^o'yi iJ-A y^-i ^3 .jL>6-J| ^4-3 3 y>-j <Jl^JJ <• oj J^-y^ 3 ‘^-^^ > ~ Ob^<Jj>- 

.L^Jlp (1)15 L<oji C Ja-^ij'yi (_ 5 ^ ^ y^ZJLA 


B. Bell, «The Dark Ages in Ancient History,» American Journal of Archaeology, vol. 75 (203) 
(1971), pp. 1-26. 

J. E. Oliver, Climate and Man’s Environment (New York: Wiley, 1973). (204) 

B. Van Geel, and H. Renssen, «Abrupt Climate Change around 2,650 BP in North-West (205) 
Europe: Evidence for Climatic Teleconnections and a Tentative Explanation,» in: Arie S. Issar and 
Neville Brown, eds., Water, Environment and Society in Times of Climatic Change: Contributions from an 
International Workshop within the Framework of International Hydrological Program (IHP) UNESCO, Held 
at Ben-Gurion University, Sede Boker, Israel from 7-12 July 1996 (Dordrecht; Boston, MA: Kluwer 
Academic, 1998). 
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oL«_™JL)lS’L> (jilj i j-a (Stalagmite) (L.*.JlS’ Jlc-I 

200 _ 800 ^U- t j_o SijL ol jJls L_L>i_j jjo- ^ (Makapansgat Valley) 

, (206 U>LJIJJ 


4_*-w*>l^ oiiLUft jL^P ^^_Lp ^ ^ Jg; 

^Jl ^Jl j-v2_*Jl cJLio^l ojJLS LoUa_>jj j 1 jS' ^3 jL^Jo^l 

/t-J ^xil 4_*_4 j^<>J l 4^p|jjJl Ll<>J I d)l ^p t L^Lw*>l 3I 3t^wUJ»>cJl 

J. <W2jL>c^J I ji^LwJl ^3 iiliS' J^S^\ 4_p|j^JJ *DLw2j2j O jJ>c_& 4_PjjJ>J 


^ or^'j ^'j^' 


(207) 


I ^3 4_oj_i 4_ojLS" ^51 j*y> 


c^oJjUj 


(208) . 


d^_S”Lo-S" 


^1-LoJl<L oLo dj|4^2 _A>cJwoJ'J 4_*_£_i^ oJl jiLwJl 

(209) " • • • • ^Ij! ^1 JULCML LoljjJl oUsUlJI 


4 v2. >2 : 


• (2 U \x>jLj (210) ^i ^UJI ^ jtluJl 


^IjwoJi ^3 d->| wU_L>cJl (*_^J ^Jc>c_^*o 

4_jLL)l>c^ 4-v?- 9 L^>tjjlj ^LuJi Of-I oIp^/ ^J>-! ^oLo-j ^ J^' 

3l^JL>I 3jJ>- J- 3 ^5"j-w«l jJj>-J j-^ 0->cJl oL*_iU2Lw*oJ 

c—^9. 3 (J^ 800 ^Lp j_>o ^<>JLp 

ol^ ^wvwo-*iJl Jj?L*^jJL> ^33 J_9 3I^jo'yi Ij_*> ol ^<>JL*Jlj 

. 4 LJ>-ILoJ| 4jj^jJl 
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R. M. Fyfe [et al.], «Historical Context and Chronology of Bronze Age Land Enclosure on (208) 
Dartmoor, UK ,» Journal of Archaeological Sciences, vol. 35 (2008), pp. 2250-2261. 

R. Tipping [et al.], «Response to Late Bronze Age Climate Change of Farming (209) 
Communities in North East Scotland ,» Journal of Archaeological Sciences, vol. 35 (2008), pp. 2379-2386. 
M. J. Amesbury [et al.], «Bronze Age Upland Settlement Decline in Southwest England: (210) 
Testing the Climate Change Hypothesis,» Journal of Archaeological Science, vol. 35 (2008), pp. 87-98. 

P. Dark, «Climate Deterioration and Land-Use Change in the First Millennium BC: (211) 
Perspectives from the British Palynological Record,» Journal of Archaeological Sciences, vol. 33 (2006), 
pp. 1381-1395. 

F. M. Chambers [et al.], «Globally Synchronous Climate Change 2800 Years Ago: Proxy (212) 

Data from Peat in South America,» Earth and Planetary Science Letters, vol. 253 (2007), pp. 439-444. 
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(f 450 _ M\ JJ 250) JU j jl 

.2)LjJlj o j-oL ^-Jl 4_* ^ J*3 250 ^Lp j->*-> jlI j-> 

Mj ol 0 jJL9 ^3 OlJ-j <Oj Jg|(1)1 £-*J *2)Lj jJl ^J-P j5! 2)LS"j 

JjMl (1)jJl cJ j-L>- £y°J • J*3 151 ^Lp jjw* Ljj j-oJu 2)L 2)1 

t wUi>Jl j ^JjJI 1^* ^j-^~j L)LjjJl I)jjjwL<Jlj J5LJI J>c-^ t3*)LwoJl J*3 

c^o->j .^ ^LJUajJ Jj MLo-Ji ojjl« 1 OjjojJl olSLl j kw^-i*Jl j»j jS 2)1 j 
2)1 J>jyv*j -jLjJl jl^Ml 3jji J LJUI J jj jJ lJj J 2)j^jJl 
J ^^Jij 2)^*-5Jl jL>c-dM d*wo-> clAJj-S" ,J^j>~ ^LuJ ^5Jl £-3 ya 

Ljjjl ^ ) L *ua ciocuJ j t (Hadrian’s Wall) 2 )Lj:>La j\x>- ML^ JJL>*Jl 

.Ja-oJ 1 jjys' j_>cJl 2)LS"^ c 1j->- _j\jZs>-\ ^Lp (JwL» ILa^ y^ 3 ^Ll^-> 

Jl 2)Ml ^ UJ JLjJI jl ^Ml *Li! ojl jj>Jl oj oJlS* U5 

JJ-l; ^>c-Jl ^2)25"j .Ljjjs oi>j) c^-w*» 

ol5y>tJ j! ( _ 5 Jlp Jj_> 1* t (214) liii CALLS’ S^jUJI (L-oj^l j! j_a ( _ 5 Jlp 

j^>C-Jl ^Jg.aAl (_£ ^)L*^3 ^3 d3 J Lj^J^L) LL Jl jOL,A> 4 j>cjLJ 1 ^/?jMl ^jIL? 

jJl ^>bJ 1 li^l 2)5 j^fJl 2)1 2)L j Jl ^jA oLJj L5 . Jj>cyi 
Laj 1 ^J_p j^-pj JjJI <y oj-J ollL/2^3 LLJl Lol jJlL jUa^sl cXwwwo 

(l)Ufl^3 J tjUa^sMl jL^j! 4j>c-Jo CjI j-LjJI oLa Coli" . 4_^j>c_vflJl LoJl 


j»Lp J ^<JLJl ^LJl ^-^1 J 


(216X215).. 




flj ^oJl jJ>c-Jl 






UUajJ j^>J j-alall Cj“>L> t^ j^ laTj . ^jJl jj& U>-a liil 300 

L-Lo c OwwLl (Jl2)15 j2«oJl 2)1 ^ylill 2) jA .Jl ^3 j^oJL?.. J JajLg-l 

c L_L Jl (JLowJo ‘L-Ig-L^ . 1?L3 pLLJI ^3 Jg-^.1 L) 2)Ml ‘LiiaJw^Jl ^LoJo 
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Implications for Recent Change ,» Earth and Planetary Sciences, Journal of Biogeography, vol. 244 (2004), 
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K. R. Laird [et al.], «Lake Sediments Record Large-Scale Shifts in Moisture Regimes (215) 
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National Academy of Sciences, vol. 100 (2003), pp. 2483-2488. 

S. M. Lebreiro [et al.], «Climate Change and Coastal Hyrographic Millennia,» The (216) 
Holocene, vol. 16 (2006), pp. 1003-1015. 

H. H.Lamb, Climate, History and the Future (London: Methuen, 1997). (217) 
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4_A- 


J-jljJLoJlj a, JaJLLoJI j ]a oJl 


i. U 4_>t 

jJj *•! j>^> jNl ^j .jvJ&JUy ^y> jLojjJlj (Carthaginians) 

t jx> I jl ax Ja-xj (1)15* -tJii t. IjUaxl ytSlj liil o(xj jJl 

<CL^x ^p*E_j J-iljJL) oj_ia_x>—o—]| L«xl la **jj ^JLo—j ^_3 t 0^1 

„>*>LJ| JJ (218) 300 


cLLL ^Lp J-^>Jl (JL*oJI^ c<L oLjJI oLj>cJI jLp d->Lw*»lj^ <ix^ 

^3 IL 3 L ^Ljl o\S J.A3 ^ LoLwd y* OjljJi aIjjI? oUUl y& 

^J™xaL>t_oJl it-ljjJ l g - - >- CjLLa kiUjJj t i^x 500 J^3 LjL^x) 

J-Ua ^IjwoJl *L*_93 L) UJJ wL) JwJo y 3 ^ 1 -Aj (L^^JLp) LoL-wd (J LowJu ^3 iiljwA jl5 j 
j»Ip ^J} 1400 j>Lp ^ ^JikJl jLp .sIjipI ^yaSLj .3%w<Jl J^i 975 j»lp 

1700 ^»Lp ^JJaJJ ^_ol 1 ^xJu>Jl j_*/2_*Jl 1860 

.(1750 _ 1645) (Maunder minimum) ^JwAM jJJjL^JI c3*>LwoJl 

4_0*A-wS 450J .^^LwoJl ( J^*3 250 ^<jIp ^1 y>- yj V1 ^UaJl ^>L~J 
1400 ^Lp ^Jl 950 ^Lp ^JJaJl jLp <—>Lv^vol Lo^s c^jLjj^J l jl 

L^j! 4j>-jjJ \sj>- 4 JL 33 ^LaJJI jL^p y- > ^ oj_ • ^Ja-^ jJl oj^- aJI 

(1)^JLJi ^3 L&J^ Jg 1 wA > ^Jl <l-J| 5y>-J ^Jw>c_^j 

•0Cr~*^ 

2)1 L^S ^3 J^slj>- 2)15 ”y L&j_9 ( Jjc>cJ 0 ^-o-P ^3 CjL>j-A>cJ1 C-JwO 
oj^wi aJLp ojI ol^ d-oLS" 4 j 3*A-«^ 750j 2250 ^«Lp ( j-o o^iaJ 1 

jl^^l J-A dUi jis'j if .U 450 Alp ^31 3 t>L^Jl JJ 450 (>Lp ^ L^- N 
ciU^ I)j^>-LJl Jfijj . ^sjlL» aj ji! ^3 li^l L>-Il« ^jJl ^jLjj^J l 

JL^>- y^j t ^~J1 (Lapland) ‘LaL-l^ J2>-1 olJLo 


R. Claiborne, Climate, Man and History (New York: Norton, 1970). (218) 

E. Badal, J. Bernabeu and J. L. Vernet, «Vegetation Changes and Human Action from the (219) 
Neolithic to the Bronze Age (7000-4000 B.P.) in Alicante, Spain, Based on Charcoal Analyses,» 
Vegetation History and Archaeology, vol. 3 (1994), pp. 155-166. 

S. Desprat, M. F. Sanchez Goni and M. -F. Loutre, «Revealing Climatic Variability of the (220) 

Last Three Millennia in Northwestern Iberia Using Pollen Influx Data,» Earth and Planetary Science 
Letters, vol. 2134 (2003), pp. 63-78. 

M. Rietti-Shati, A. Shemesh and W. Karlen, «A 3000 Year Climate Record from Biogenic (221) 

Silica Oxygen Isotopes in Equatorial High-Altitude Lake,» Science, vol. 281 (1998), pp. 980-982. 
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<1)1 p 4_>jjj£_) 1 (Yukon) jSyj tlSL^l ^ ^LJl cuJL* 

^ ^JaJDl ^ Uj li^T j->Jl <jl5j .Ljlp 015 jl^^1 

4_3*>Lo-P oLo~A3 £-L*2-pl 5 j^Ljl J_L>Jlj ^*_*^Jl L5 j_-j>c_jj .<LoLsj j ]\ tLLaj'yi 


y (lLoJ->cJ|) ^L-wvJ j_^Jl J-La 4 _*_£j y 4_J_aj *^1?1^3 4_i? yL>^ O-b-J 

^Jl ^3<-JaJl L^ojlj ^y £_>-j- 1 '*■—->Lo-AaJI o Sj*> oV c oJ_j 4_v2-3 ^>Jl <wJg-A.Il 
^LS’ Cr° jj-^2-*Jl jlyL^lj jlyL^I 

4s>-j5 Cj^ 3 (^ t OjL> 4_v?4-^2J1 l^J 1 j^_v2_*Jl ^3 ^l^j>-'yi 

} ^ y jJj>J| ^_JajaJl y 5 y>c^}\ oLoAaJL 


4_p1j^J1 ca131a_>J (1)1 y\~ajj}\ jl1 o ys <J*5^3>- wL*j>cJl ^pJLlgJl ^lp -JJ 
.5J-P ^l^jli c <4 J-*Jl y y 2 j\^ iJl-LA d)lS"j .oj^LJ C-olS" Lg_La 4j>c_jljJl oLpL>c-<>J1j 
.J jljJl ^L*Jl j aJLo-^JI o j~J>S\ 4 - 0 L ajj}\ ^LwJl ^jjlJLa oJJtJlj cjlSwJl 

d)LS"j t ^Js.3 *)} 1 f y> 4-owwvJ (1) y-^ 3 5.5 1 j { y oLSC^Jl .5 J-p d)LS"j 
o j^3 ^ (_) ^ Jw^ 5.5 ^ ^ -i—P I ) ^3 („) 1 ^ ^A_P .Aj 1 

.jjLs' ^j-oLw*J1 (1)^JL)1 j4>-1j t (1280 ^Lp 900 ^Lp) ^Jg-^jJl j y^x Jl jl^xg-1 

^3 0 jjb^y C^_>LS" J^JgLw* y 4-oJJg-oJl j y/3,d\ y> 4.P jj^j> jliLJl ^J-P y23\sSj 

5 A 


J^LUI jI^VI 

<»L t- ^j>- o j_oJl 


(^.J 900 _ 535) 2LUMI 

^ i-X3^ C 4^3 1 A^q., 1 l?.x>.. 11 y^2^} 1 L$" 

4_^>JJa^j jj-y2-p ^^j'yi o_3 j_p Low^s 536 ^Lpj 535 j»Lp 


(223) 


900 


jJSxJl 4_sLv^^/1-> <• 4^1 yjLa 4_pL>c^oJ1 doLS"j C !^jL> j->cJl (1)15 . 

.cl)j^-UaJl pL> jJ j^iwJl ^ (_5^^“^J 

(JL>c^s (jLS*^ .L_>^.aJ j^ojJl yS' jUs-c-Ji')/! C—A3jJ 540 ^Lp ^Jl jj>- 


B. L. Hall [et al.], «Holocene Elephant Seal Distribution Implies Warmer-than-Present (222) 
Climate in the Ross Sea,» Proceedings of the National Academy of Sciences, vol. 103 (2006), pp. 10213- 
10217. 

David Keys, Catastrophe: An Investigation into the Origins of the Modern World (London: (223) 
Century, 1999). 

M. G. L. Baillie, «Dendrochronology Raises Questions about the AD 536 Dust-Veil (224) 
Event,» The Holocene, vol. 4 (1994), pp. 212-217. 
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<1)15 J OOjJl oilJ3 ^3 Oo2ol2Jl O^L*jOOwoJ| ^3 <l)loJ»oJ! ^>c-C 

I^xL>cj|^ loJ^O ^jA 5^oJl jL>tO')M coL aL>- ^3 L5j 1 ^x>JIp tO-C>- 5 U 3 

^la-wo^Jl L>jjj! JasLou ^Jdl <1)5 .I^j y^rj 5 j*~a 1 <JL»-Cj L> y^^j 
f-Lo-^Jlj .15 j+j* I ^jj_c>-j 15120555 ^3 ^ j_*J 5 jLp I j_p Cols' j .oL>-5Jl 

c o j j5c« col2L5-oaJl Oo5j c colJJuJl j o_—g_cJ I j_Jc^ La 






5 


^oLp yj LjjjjI (1)jpUaJl ^j>-La 


^-oLJl o jA. )l oljwJ*>\J j I oIpL>c^ J-*oj 
: L L5 5ckik~5)l (Procopius) ^^0^5 jy ^Jl^> j Jij . 545j 542 


t ^L*Jl cJt)Lj>- ^x>-aJ| ^JJL* 1*1*2 C ^y-L?-^ l)j£ y* La*j_v 2 ^^w*-Cjl C>.kp 1)) 

^cJi 4_*_5'yi ( /j5vJ dO^a- c Lg_3 y*~-^ ^3 ^^wOwCJl ^Jo* *0>-L5 OJjj 

Jo3lp O-o 5 1*5 ^*5 i a5>-Lw^ l1 la,) 
^251 £_aJ 5_>o* ^p (John Ephesus) yy^\ jj->J oUL* j ill ca j 

: (225 CyCl JI 

(3 y5 ( l j 25 ^Jj 4 ^g-C j-CP <5-0 Lg-**)Lla ^OOlj <L*C*-* ^j-v-*-CJ! Oo>t~v5)) 

0-1-0 j . . . <«^vO>c3 La^- 5 5 *)Lia l_Aj j_j y*->J c I ^3 0->Lp5*> £_>j! y* j-LS” 1 

.^5-*h>cJ! »*—c*Jl ^1-05 u.->jjJLoJl ^lOs l)5j 4_^5LaJ| 

: (De Ostentis) yzz^ j Js (226) (John the Lydian) ^LaJJl j ^zS 

*-*5 yA y> Co j-*J 4^51 a]| Cols' j . . . Lo jA3 ^LxJl tj! LO-« ^j-wo-CJl Co>^/51)) 

. ® I ^-^P ^^A 

^J-p J-Jj>cJl J55uj .<Lo>5-* 829j 1801 j 1800 ^Lp 3jj>c-Jl -Oo>tj 
CO 5loo?*- ^_>cJl 2)15 .cj jJ 1 5JJ3 -Lo 1 j^5 -Oo>^j 530>o ^*-1^ 

.(OjjJl 

^jy 800j 300 ^-aLp yy 5jjji t ( JujjJaJl oLa>JI ^ 3! 

opLo>-! o»I^SjJ ^!lj c (Volkerwanderungen jl jj^ol^Jl jjy>-LfJl) jliLJl 
o_*_C c tJ j).^,>c->oJ' aI-L*oI oLa>cJIj ^^-cJ I j jo *1255! 0^0 L<>5 .o->LpL>c-*j 


Keys, Ibid. (225) 

D. Maas, John Lydus and the Roman Past: Antiquarianism and Politics in the Age of Justinian (226) 
(London: Routledge, 1992). 
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_ (J y>- ^ oJjJ s>- oIpL>j>-j <r\jLx ^0 cl)lSw> ^xijj • CjLp1j>c^>J| 

cl)^pUaJl <>* 0jpll? ^js-c-5 


^ ^[a>jLl^-UI SJjJl Lojj 


^ fjSi\ ^UipMI ^ ^-p^JI ^Jlp c d)j^UaJl I^pIjjj jISj^JI o^JU 
^_>J_5L>5 0 jL>c—Jl jlS”j j-Z^j ^_>j_Jl 0 jL>c—%Jl cl)L d^-3^Jl ciiJ.5 

O-i.3jJj c^jjLwJl ^_Lp jiUuJ cL~_pIj-J|j jlij_>cJl C-JlS ( j-^- ^ i 
pL>j C-o lS"j .jUdo^L cl)j_pUaJl j-oJL-oI LoJ^o C 3Ly?JL3V1 jL^jIj 0jL>cjJl 

<• Ajij ^ cjl^-w*> 200,000 ^ j>tj t cl)LJ wJl^ai^j>- cl)^pUa 

LsJ-Lpj ,<Lu j_*Jl IjjjjI cl)L5s-^i c-fl-yaJj 4_^3^_JLJl cl)L5v-^ C^-Lj (J*^ 

oL^>c_j ^.5jl ai (1)15 4_o^A—^ 590 ^Lp ^Jl^ j>- c ojL*^j jj>-lj d)j-pUaJl 
^>1 jJl cl) jJL Jl iS j2*-l ®j-° (1)j-pUaJl >j .^a_>c-J> cl)j-5>s 25 jj>o 

4_pL>c-oJlj C j5Jl 5^o'yi ^jA |j_>Jj>- Ij-y2-P C d)j^ t cl)5 (_£*Ul j_JLp 

.^pLoj^-^yi 

^P t LJaj odLa^s CjlJLia ^3 (^Jld ^->&3) C—><Jl Jgj jJ 

^3 ^31 j-a *L~woJ>- ^LwoJlj oUUl ( /^P oL>j-UJl I^S" c^ 

cJ^\->- tAi_> j251j ^jj! al^j! L^lJAiSd^l ( Vj^3 a^sL^?} ol«3 Jj>cJLoJI aS\_L^_^JI 

4_^JJa^Jl j j.«,#.*J 1 

c_JUJa L>lJLj 

J^u Lo5 . ^4? c_5^ ^jlziza ^Jl ApljjJl 

. 1200 ^Lp 700 aIp jJl jji^>-1) li5 <u>sjl L^jI^ oUUl 


4_> 


jL>c-Ji'yi zz L^_L>tJ L^3Id jj5s-w*iI ^3 c• 

LloI^l« cLL)^ l)5j c 500 j»Lp ^1 I J-p- o^jL> 0 ^x 3 < 

(230) 


(229)- 


, jLo-J> ^j| .Ja^>e^J 1 ^ (^, 


j_^_lalj / j-*Jl jJa.>- jJa .>- 


,Ur^l) xJl>J| 




C. Mango, Byzantium, the Empire of New Rome (New York: Scribner, 1980). (227) 

.(Yersinia pestis) L ji b(228) 

J. J. Blackford and F. M. Chambers, «Proxy Records of Climate from Blanket Mires: (229) 
Evidence for a Dark Age (1400 BP) Climatic Deterioration in the British Isles,» The Holocene, vol. 1 
(1991), pp. 53-67. 

B. E. Berglund, «Human Impact and Climate Changes,» Quaternary International, vol. 105 (230) 
(2003), pp. 7-12. 

A. V. Reyes [et al.], «Expansion of Alpine Glaciers in Pacific North America in the First (231) 
Millennium A. D,» Geology, vol. 34 (2006), pp. 57-60. 
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o±SL& cJ 15 (Fauma) 5 ^>0 oULJ ^^Jlp 0->^4 oL-Ij^ 

4_U~U ct->lj_>-! L^JlLL>cj tojJa^OwoJl AjLsIjJl 9 -\ Jj>-VI A-LjjJ? OjJLS J-*-j 4_sL>- 

j_jL fl_>cJI ^ j*a 0 jj3 dDu cujLS”j . 1051 j 986j 862 ^Lp 4-dljJcL-d 

2)1 ya ^S >^Jl ^Lpj .LLoJl ojL J 22 *- jL^jI ^Jl 15^-a! ^3 J 

4 ^ 3 !jJl 0 ^xaJI ^3 2)15 t ^j-vwJ 0 jUA>Jl o5a jL^j^y 

j>Lp y>x-> 0 ^ia^o^Jlj dildJl <-2j jlaJl i3l5j| 03l_p j 


( 232 ) 


4iU- ojO o!J_) ^5 / ^LLoJl 0 L 3 jJ 2)15 CijJl ^j5sJj 1064 ^Lp 

1391 fU ^ j±\ 

( 234 ) . ♦, 


f 900 - 750 j^Lp ^ 


j .*_ LI 4_iL>Jl o3jLJl ‘Loj'yi L^_ _s O— m_5 

oljjJ-Jl j}— 3 1^JL> j ^a. >c_> t Ljjj 3 oL_i_>c_]| <1)1-5 -LjLJ . 


( 236 )( 235 )~ 


t ^x>JLp ^y j5 jl*Cw«ji (JtA3>- L>LoJl 0jLyflJ>- Ojj JJLI 
0 jLyflJ>- jL^jl (1)| (J jJL) OL>! 1 4_^J .^^oJLp 3I jjol 0 L^JlP ^g.yg_S J 


LUl ejl./gg- ojJixsl LjQs l j-^J 


( 237 ) 


f-ljjjl jaUij ^3 


O'* 


LUJI 


iw-J-pVl ^3 ^jIJAJI jaUajJl ^3 0^3 C 0jL>tjJl 

.^LJl <_/ 

^9 oL j ,Jli .4 -woJLp 3l 0 l_A3 y^ d^J-Lk^Jl j^-c2-*Jl Cj 15 

t-_9LL>- 5y>-j ^yJb La t jUa^s'yi <N> c-^>t-2o Cj 15 4 J 1 I 2 C 0 JI 2)1 CCj *5L>_2^9 

15j-woI ^_3 ojLLJI jJuJl jL^_)l oLj2_>sJ1 j-& Ij-&j 




ui5^ ^ t55-Jl oL 


oL-Iji <ul>^ U>^ , (238) >.jJ 


D. A. Hodell [et al.], «Possible Role of Climate in the Collapse of Classic Maya (232) 
Civilization,» Nature , vol. 375 (1995), pp. 391-394, and D. A. Hodell [et al.], «Possible Role of Climate 
in the Collapse of Classic Maya Civilization,» Nature, vol. 375 (1995), pp. 391-394. 

L. C. Peterson, and G. H. Haug, «Climate and the Collapse of Maya Civilization,» (233) 
American Scientist , vol. 93 (2005), pp. 322-329. 

J. H. Curtis, D. A. Hodell and M. Brenner, «Climate variability on the Yucatan Peninsula (234) 
(Mexico) during the Past 3500 Years, & the Implications for the Maya Cultural Evolution,» Quaternary 
Research, vol. 46 (1996), pp. 37-47. 

.ac- 210 1(2ju (De Vries-Suess solar cycle) ^ Sjjdl (235) 

D. A. Hodell [et al.], «Solar Forcing of Drought Frequency in the Maya Lowlands,» (236) 
Science, vol. 292 (2001), pp. 1367-1370. 

L. E. Wright and C. D. White, «Human Biology in the Classic Maya Collapse: Evidence (237) 
from Paleopathology and Paleodiet ,» Journal of World Prehistory, vol. 10 (1996), pp. 147-198. 

G. H. Haug [et al.], «Climate and Collapse of Maya Civilization,» Science, vol. 299 (2003), (238) 
pp. 1731-1735. 
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03j J*S\ d/2 jli l clU-S ^Jl dLo^^/L) .d>5iL<>Jl j^_v2_*Jl 

.A^JJa^Jl j^»o2^Jl ^3 

(^>1300 - 900) Ja^l jj^JI j\jbA 

. Jod>- ^j*a L5 5 |*JL*Jl li C d->lwG Lo5 4P ^_*^o ddJi^Jl j ^_v2_*Jl d*~g-ol 

j^*d>Jl ^j-wfiiaJl ( /ys ^d&P ^ 1280 ^Jl 900 ^Lp ^j*a ^la-ws»jJl j j-q2 .*J 1 jl^o>-l £-oj 
^3 L 93 I jj>cJ 1 d)l5 jJL) .d>dc5 j. ■>✓?■£• jl j?j>-^l I Ldo 11J-^- 

Jj . (239) lJL^ jly^l jlS U5 ij Nl <lJlp U-o Jaa-Jl JJP ^Jl jli^l 
o3jlo ojX3 .lild do 15 JJLs c j_g_)j 3j->c-^ 4-L5 ^Jl jj_o2-*J I J Jl^l Jo 


aL- 




. (Oort Minimum) Lkjj L j~a-iJl JL J Ujlxp 1080j 1040 ^ 

OjCUJ ^Jl 5JiSLl iiiljJl ol yj aJl Jb-I iaJia jJ*> lo.vJl jj.^xJl jl yy >~I jj 

. 3000j 7000 ^ JJ»% UjSM ^^JjJI £dJl .JjVl 4a 

Jj ./g «Jl jljJL>-l t j-» C La Lf-j-J C ijjl ^j_ij_JL*Jl jjJiJ I J-l jljJL=~l jlSj) .j» J 
i)bj& lU 15 ilsib jlS ^>JI jl ja JJl Jlpj .(Jlajjl jl y^Vlj J *~.Jl 
C li^lj (J y&\ do 15 AjjI jd»Jl dloLw^J 1 (1)1 j*S> ,£^**Jl ^.d.lg.ll dJaJda dljX3 
^o^lj^/l .li^Laj 5^L<>Jl ^&3jlj ..liLdj Ld oIpU>o>- tl ^y& (J^.q?j>c^J 1 d)15j 

(JjjL>cJl d-fiLwvJj dpljjJl ^o^lj'yi d-Lwv^a djwbl^Jj .(1)jj>-*)LiJl ^L>- La Ij^lij 

^J-W 5 L>taoJ I d*PjJJ . 4P1J J 2) Id ^So ^ J^l b ^2J>- ^9 ^1p 1 d-> L*_(2 j jA 

.^JL>-*lJl oJl oApal ^9 ^51 j ^51 'yLod f-o_9jJL> ^aJo sr 51 
(1)15 ^IdoJlj CdJlp ^l?ljwa ^3 jUaosVl (J J-^ 2 -^ J t d3l3 5jjjl do!5 

4_LaL^Jl dJlj alwLiJl ( 7^a ^ajli j_9jJL9 ^pljjJl ^Lo^/lj clydo 

(jLo>cJl ^3 4plj^Jl dj j j_la_} .dJUl 3jljo>Jl doljj jLa3j^1 ^P Lo 5 .^dJlj 
L)| Lojj5JL5 ^3 jLp-cd^LJ 4 j jdJ 1 d->lo2_L>cJl d->Lwalj3 (Jc5^ 


tjjzl Li (^31 Jjjj / 240) ixil3 dlij 5 Lq2oI ^do doLS" L5 j-oal (jLo-d 4_A-la-La 
4j 1 ( 7yJ ^P J^\ ^Jpj .(jlSwJl 3Jp ^3 AidJl ^ 50 O^Ljj ^ f-l5iJl 

SJl 9 col j_JL>cJlj (1)5 ^->tJl ^Jp lwd*_> dJ-pLij o-j j_0>cJl Ja_<L>- IdSoowa 


J. M. Grove, The Little Ice Age (London: Methuen, 1988) (239) 

W. S. Broecker, «Was the Medieval Warm Period Global?,» Science, vol. 291 (2001), (240) 
pp. 1497-1499. 
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.UbxJslj Ijl 


I I^JlP I ‘LoJg.XLoJI ^Lv2j>cJ| ^Cui>I 


4_*/2jliJl 4Jl^*Jl ojiI^jj c ^JJLJl olSs-^ji j c LjjjI ^3 d)wU>Jl d—o-j 

4_j jLo_*_x>JI ^jLwoJl o_J_ 1aJj / ^oU-oUJl j oLol jjjLSvJIj Sj_o % yi pLl> ^3 
.iJbJl jLg-Vl J»L«I J3 ^l*Jl 1)1 L?.; Lo <. ^Lj>-S <LoJ>t 11 

ol^UxJl (J3 j_*_jj .cj j_Lg_SOl ^J_p ^LwjJl i._ ojJjl! 2JIj_l^>- oL*-oL>Jl 

(1)1 L^J^I L^i iS^ . ^Jg-~o jJl j^_v2_*Jl jl ^Xg»-I L3^i *LoLo-L*Jl 4loJj>cJl 

'Oaj'yi 4j dJ?-L>- (_£^Ul jLa^j^I A> c-Jo ^ ( *-^LjI j JjlSLIl ^Lu I gjLo iSji, 

^Jl (1)j-J-o 30 ^j*o L^jISw* 3J.P wbljJj C Ljjjl ^3 0wbJj>- l)J*o C—*L> .AXsIjJl 

(Angkor olj j j£j*S\ ^ Ji'L^Jl ^ y\ c~Ju t <bli oijJl . 0 ^Jlo 80 

4_i_pLis^ ^1 0 ^.il [i^\ ^JjjJgJl c-ol JJL) .L~*l 3^j^r Wat) 

4_9LitJlj i!J~l)l OJJ^ ^Jg-^>^Jl jj_v2_*Jl jll)LS"j .^Lp 4_Lo ^3 l)LSL**Jl 3J-P 
c—*3J3 ^LJl -Lj^>3 *1j_*JI ^jJiS3 U j_sjjj . 4 Lw^*)Lw^^/I ^j_UJlj 

oliLwvwoJ (jL>cjj'yi ^Jl y ^^xi oj>jl_k<Jl 

(J<LoJJg_^Jl jj_v2_*Jl ^y> OjLJl ‘Cw^jVl ^3 1)15^ .3Ls/2.^3^I ^_&3jl 

C <U3>L>cJl Lg_>Lo C-*J>c-wvOJ C Lg31 ^-jLoj L&*l 3-P OjJ L 0 I 3 ‘CJcSLa CjLSHjLo^ 

(1)15 JJL) .LwoJLp jl ^jJ>- 1 ciULwa <LojJ_*«4 Lo-jj jl 4»L53 L^JjL>cJ Co 15J 

43 ^jLv2_i ^kp (J^_v2->cJl Ll? L)w«^) ^jg-^ ^Jl ^^-s/2-*Jl _jl 

^0 ^L>-jJlj C j-^-3 C ^L3 jjL Jl ^J3lj^JLS" 

^j^gLi>cj| jUcJl ^Ijj Lo j 4 »Jj>-LwvJ| ojL>tJl cJ15 j .SjL>cjdl J>Li>- 

I 4_*_^lil "oLj cujLS'j .<Lol_*Jl c_g-vglj-*Jlj o-Lj wLjJl ^L>jJl o !^jls 

^j-o Lj (. 4_p^ vu JjJgJl (wgj>cJ (1)1 c JjwLJi jJa^s .ilbjfcs (1)15 1 )}j t 

JL^>J1 oICoLS "j .(jwLoJlj ^jlj-^Jl ^j-o L^-Jlp (Jj_*_> 1 j_—vvJl 4_S"^g»- 

^3lw\Jl ^LwoJl J .(J^-1^1 OjL>c_} C (J^JgI 0 4j>- 

dL»..vJ L J.o/3-A ^ L)15_J .^O^J^'yi OjL>cjJl P 

t,_3 j-^gJl ^-1 4 ^oLo-] 1 4_^yg_3 4_L^_P cli-wvO ^-wvJl l)Jw« ^3 1000 ^1_P 4 _Lo—*J l 

. j^3j^lj (j^Lo-iJlj <.j j5J!j c ^|j 1 jjdl >Uo)/ 1 ^^-wZ»l c ^JjIa^JLj .<5L>-wvJ1j 


J. Gimpel, The Cathedral Builders (New York: Grove Press, 1961). (241) 

R. Lacey and D. Danziger, The Year 1000: What Life Was Like at The Turn of the First (242) 
Millennium (Boston, MA: Little Brown, 1999). 
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oLL 9 J .‘Lojjj'yi i_J^l (JJ>- ^3 LpljjJl OC jU jS 

(. a1S\ J j^J oL^JI JjjL (Grosser aletsch) L £zl\ jy> JlJl>- ^ ^j~£ j*>Ul 

oLpJ iwJJa-j Jij . 1240 j>Lp aJl>JI oL^-JD 1200 j»Lp y>- 
cjcJ>L>- 1370 ^»Lp LgJL j_L? ^Jw^lS" a ^>-y 

. Jl j^c 2^Jl 0jj3 *Cp Lol^Jj 1j-O-l CJ • (_£jJj>cJl ^jJLll ^jA 

i. _)Vl <Jl^>- ^3 oJ_> j_*JI jJ»>cJI cjL*_J jd d)J 

^Lp 1500 \-fJ~a oljjjJ JaLj ^LxjI . <4j_^Jl Sjl y- 4j>-j3 

jJl>JI y <^1 cujIS'j . I jjJj j_o ^3 jJj cL jJ>e_J I ^jJL> 

. J^LJl uJ- 3Ij^Jl (c-A.wg.il ^3 j) (jLcJ ^3 ^L-C 


^3 cjLLjJLwvw^ I j L ^pj Lo-C c ^Ljil ojL>o I^jLS"j cj^JLLJI y>u\ 

JL-L j . (L’Anse aux Meadows) Ji* <.\SLy\ JLJj IjJ^L*oIj jJ *>J ^p 

c^jLwvJI I^pL lg.^.*.AiI jgcLLLJl 2)1 wi-Jj>cJl ^AJJg^yi 

j»j_Jl ci j j-* I4-J LJ J _^J-Jl ^jl jlVinland L&j-jLLjJI 

LJ LJ tjtJjJlj yiJl jLJai cuJj .(Newfoundland) _> 

Coli 2)1 j_*_i J1 (^1 jJ >4 jUj^I o-JLjj c J-»>Lu^-p ^3 

[^aJ-LVI cJLji iiL—J jJ-aaiJ jJLU -Lw^ .13L& LlS"^ ^ ^ 


J __>I^3 (j3.i ^5Lslj t J-Jj>cJl LJli>- jLxj ^3 ^>c-Jl cj jJ>e_Pj 

jj_P ^Jl LIj_la_>3 LLJl c ^j_3 O—c L>Ju 

^jii 3t)L ^Ji i j_9 Lj_l>- p. ^;jL>c_ij ^_^_l5Lllji lj_l5L-*i1 

, (247 JyJl oIjUJIj 


H. Holzhauser, «Fluctuations in the Grosser Aletsch Glacier and the Gorner Glacier (243) 
during the Last 3,200 Years: New Results,» Palaoklimaforschung, vol. 24 (1997), pp. 35-58. 

A. Hormes, C. Schliichterand T. F. Stocker, «Minimal Extension Phases ofUnteraarglacier (244) 

(Swiss Alps) during the Holocene Based on 14C Analysis of Wood,» Radiocarbon, vol. 40 (1998), pp. 809- 
817. 

A. Hormes, B. U. Muller and C. Schliichter, «The Alps with Little Ice: Evidence for Eight (245) 
Holocene Phases of Reduced Glacier Extent in the Central Swiss Alps,» The Holocene, vol. 11 (2001), 
pp. 255-265. 

A. Hormes [et al.], «Radiocarbon and Luminescence Dating of Overbank Deposots in (246) 
Outwash Sediments of the Last Glacial Maximum in North Westland, New Zealand,» New Zealand 
Journal of Geology and Geophysics, vol. 46 (2003), pp. 95-106. 

R. D. Thachuk, «The Little Ice Age,» Origins, vol. 10 (1983), pp. 51-65. (247) 
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jLSOs IDoomsday iijOjJl jj^i 

lj^j ijlsOs to'yi (> _^j ^ici*oi5j . o'yi i^e c_o-*ji 4_pijj ^y 

I^d_>c_d o>^&3jl Lo5 .g-AA»jJl jj.. s< a l .*Jl jl^xa>-l pUJI ^_a_>-lj I 33 I c bjL 
4J>U> L^j j-i oL5s_*^ 3 J-p ^bjl j .(1)5.5 ^Jl <j1.4 _j-« L^-jLSs-^ 3J-p 

.U18 ^Jl c_3l_*-v^l 


^jjL*^a (3j-^ I280 ^4 -aJjI ^J-p LjLJI ^3 c_*J-*Jl ^5 viols' 
.j^>c-Jl ^cJa.*.Ai ^ji I560 j-& ^j5l ^-/23*y 1 £liyyi J->cj Lo-Lo c 


( jo 3 jJLa 100 ^J5U 4ojJo 3 0>-j.5 0.7 0.6 _ > oLp ojl^->cJl *L^-j3 ^/2_JLLjj 

li^l 4 _>jJls 4 'J>-j 3 1.4 ^gJ j 1.0 Ojl^>cJl Ja.^jla Oj -^*3 ^ ^ 4 j 2 jI 

3?j-5 ^^-9 4_pljjJlj ^IjVl ^Aoa.I.olj oUajJL^woJl Oj_Uolj . l)S/l ij** 
oL>j^ ( 1)1 ^J-P (J-L) la C jjJl (_ 5 ^ ^^^ 2 -pl j-0 3 200 JI 100 ^^g-lp dl j J_>l~a J 

o_S"j_> c_j / ^oJ_a-lj 0 'S/1 4_J_p L-« ^JlpI oJlS" 11 Ojl ^J>- 

^Ja.^ jJ 1 jj_v2-*Jl jl ^la»-l 0 jO ^g3 Cal j J->tO>Jl ^gJLpl ^gjj jbt-o'yi 2a j2aj>- 
a-* ^ or^' jU^Vl iaJ>- J)j_9 S.5J-^j-° jjJ-><Jlj jla^-^^l OjJ Jlja 

(Larix sibirica) jl> e Ji % yi 3 j-)jj oo-j jJ j .i^JVl jJaloJl 

(Urals) Jljj'yi jL^_il ^3 ^gJl>&Jl jL>t_i'yi Ja_>- Oj-s \jJ~* ^j-o*)U £4 -UjI ^g_lp 
£_>-! jJ t oNl {j** ^2-p1 1000 P (1)15 jL^OiVl 2ai>- (I) 1 J ^ Ja. J J <L^Ja_aJl 

.^^v 2 Jl ^jJlaJl j-s^2j*J1 3 ? ' ‘ 135 ° J\j>- 


^ ^y> tju ^Ujjl y^ ^j-^'j 


jJlj ^j^LaOJl 


(251) 


} J^^\ j^Jl jlj^lj ^L.j^il jlj^Ml J*>U- i-jjjVl ^JVl JLar 
/%5 UoJJg-o^ll jj-yg-^Jl oj_>c-2ij J-J->cJLj oLia_*_>j ^-^-LwoJl oJ-& OoL5"j 

j^-jj .j-5-yaJl ^J-Jj>cJl j^2-^Jl (Jl)Vi>- ojj_>c_^3 jJl>JL ^j^* - ^ ®j- 4 0-Ja_P 
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. y (1)jjJl j 2 ~\j\ ji y wLL>cjJI £j>-l y y\ l^^xi 

L^idJ I j~yy^> (Neufchatel) «JwJLd cJjJ» ^ ^JaJ 

OJwoj jJl jj-v 2 ^Jl jl^dc>-l 4 jL£j 1*5 -> ojlj^>Jl ‘Lrj.i ^^9 IX^-LLj 

dr* ^ c5^J^' jj_*j2_*J I j\j^\ djj_LwvJl Ojlj->cJl CL>L>-j.} Ja^xjJLa dl 

4j ^a>c-Jl jjlj_*JJ J^Ja-Ll1 j->o i^ 2 -^ J-^ Jj-v2-*Jl jl jJL>- 1 * dN I 

c (1)^JLlI ji>-ljl jl y* ^-PjJl (_5^J j-oLLw^'JL ‘LwJaj3.ll dj^j ‘LwJaj3.Il 

jj_*j2_*Jl jl^ l>-I ‘LwLp o\S Low« ^^1 (Jl'J ^jJaJwJl y**-* d'J wL*j ^J Lg_J 

.OjL oLw* CaLjlSd ^ 1200 ^Ip ^)1 ^a*- Aj j_g_>c-oJl <UaxJl oLjI^JI oJwb .jJl 

. j^i-v^aJl ^wLwUJl j^/2 ^.Jl 4 j1w\j 1 J_ft (_£ J*J >Jl JjwLdl ^~Sd*Jj 

^j_P d_>e_) tw^axl L» dawb>J yj jl 5jji^) Boreholes ^Jl yL>- ^Js-jo 
‘LL w^ 1000 ^Jl y>n J ‘'JLw9.i Ojl y>- daL>-j^ ^jj! j-> (‘LLwSwiJl L^_>lj jjj ^z?j*)M ^jlj-a 
( JuLwd MJjj ^jjajVl ^Ja_w*» ojl^>- ola-j^ ( Jwio ojd>cj>cJl d^ c^^-s^ddl ^9 

jl^l ^lowdJl dwsi’j'yi oj5dl y ^wJl y^ CL>IJlw> O^Jalj c .Ja.a9 f-Ja^> 

Ja-w*>jJl Jj_*j2_*Jl jl^L>-l Cy^y^° dr^J- 5 ^gla_*.j^J 1 jj_*j2_*Jl 

j-^> ojai^- 6000 ‘LwJj.i o y Jal Lk 5" / ^^w^^.ll ^wLwla>Jl ^^,^Jl L ^>- 

^j> ^^JlpI CLoLS" Ja-w*>^Jl jj_v 2 _jdl jl^^^>-1 pLo! ojljj>dl ‘L>-j^ dl CaljUli! ^^s>- 

Ajj^a iL>-j^ 0.7 0.2 y >tj C-w 2 _aj>ol Ojljj>dl ‘L>-j^ dlj t p jJl ojl y>- ‘L>-j^ 

^j* Jc^aJl ^wLwUJl j-*j2aJl J*)^- 


Ji'LJlj tOlwLL>cjJl ^j>-1jJj cjb^l JajJa_>- ^JuLj 
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(1)1 l ojl jS >cJl Ljj 1 t (JljLo-Jl ^_Lp) dj| 

j! ^^1 oUL, Jr ^> 3 , (257) 12 00j 700 ^U- ^ iiib oJl5 LiLuJU^I 
c(jLo»Jl ^1 _p) 700j 500 ^^Lp ojl_> © 

1360 j»Lp 720 j»Lp ^ ojJLs iJIl&j ,1jl>- tajL 660 j»lp <jlSj c(<uJJL<Jl 

jjLS' ^^L>cJlj j^L*Jl (1)^JiJl ^3 isita 0^13 OpL>- jt-J J-^ jj-v2-*Jl jl J2>- 1) 

1430 ^Lp J-*_i ^j>cJ1j .j_JLp ^^sL>cJl (1)jjjJl 4 j1Jj ^3 4JLsI.5 Cj 15J C 

.( jJk*j2 .Jl «J 1 (. (JlL^Jl ^1-p) tajl jlS” 


jLS" i_5 j q-~ ^j; ^ ' j j - *_J 1 

JUJI jlS U5 

LjJa 0 j ^ j > 


( 259 )' 


s' 


<. lLLJJlS’ 


Lojij y> LSy; jjj-i (Van) jU *LJl ^ 

C~Jl ^>cJl jl5J . (260) ^^l ,l_ r >wJl ^ ^ 

jl5j . (263) J t Jl oLo UJU >JI jlS L5 t(> d^ (262) (JJu>Jl j>J) 

.^\ AJo J_>c_) ^_&Lw*oj <• 4_JL^>cJl yj .j o/Wj Jjj^' ‘•jLx-r^ 

^j-jJl ^jJj .oLwoJ 1 L>jjJ^So o j*s>c-) ^y* (_^^Jl ^j^i-o'yi ^JwjJlj 

. o -fi -fi 

.LjLoJ (1)lll.../?.A)wO 0*U3 (OL^i^loJlj (1)Lyg-^aJL> JiU~ 

Ib^l $ ^JL*Jl 2)1 (1)1 jLwv^5"L> ^3 ^Lp 1300 L&4_>1 o>Lii->cJl 
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C-oLS”j c jJl jI^jl>-I o^xi 1000j 800 ^-aLp cools' 

. (264) ^Jl (JjJl>JI J, 1700j 1500 ^ 

j^a o4jLsb oljJLS J LJL j3 I ^3 ^^jJl Oj_jjul 

S^Ja-Owa (5ji^l 4Xjb 0 Cju -yj c(^%w<Jl J^i 300 _ 650) j£y Jl ^Jj-X^Jl 
lSj-® u-^'• 0 X a -"j-^ jj-*^a_*Jl jl__^l Sj-19 <• 1290 _ 900 j»U> j-* 

Lo-Lo t <-iL>Jl ^wULJl ^vA^Jl 4_>|j_> ^0 Ko^bJl tylljj oJjJ-P 

3ab>c-a Apljj j-^ ,^>obJlj j-JLp aj>J| 0 y] 1 y *^sb ij^wX^-l 

( j-aLJl j ^jJl A_jL^_j ^3 (_£ y >-! 0jJa^o^aj 4jLsb o y. 3 C-^-ALw'JJ . aJL*J| ^xjl ^3 

• I J»*>J I I wXj («*) L^JwJ I 3wXp C OjjJl ^ Jj^O I i y jt*r+£' 

j^\j>~\ j c d^L—^LoJl ^J-<>w^JLwvU ^»Lp 1100 o^-o-P jU 2 - 0 ! J^-Aj t^y~-tJ 

<—3Uj>- c_3jjJ^ LJLj-S! (3j-*-*-yflJl ^jLJJI c_iLXvJ ^-XS'j C oLajJj_>b 

ojlL>-j3 ^3 ^/?l_A>tj| ^a t LJL^il i, ^^P ^^Lp J JLj^a J^jjl^ 

t JbjL ol y$ JjLb Ijjji i^_Aj>-! *^i?LJj| ^^Lp 4Jj>-bJl ^s^Ij^I cJlSJ .y>^]\ 
yjS3\ 4»JLj 3 j/l J y> c-vfiJl ^3 ol y>^ b->Jj>-l jUa^sjLl JJL& J j^ 3 -^ J Jjk jLS"j 
y ^Jl >~I (1)15 LJLjil jl o yy\ (Jy-\ ^/Lo-pI jl ^_p .Lxib ol yj> y 
2 _jJl ^_3 v3 La_>c_JLj 0-*-t j-3 C la. +*>jJ 1 jj_v 2 _*Jl jl yL>-lS t 4_L^jJl iLL^J^I 
. O^Jyj IjUa^sj ‘^°^ oJ^sjla ol(^ jJlpJI 

4.3L>- c_3j jJj? ^Lw^LoJl A^iJVl jj\J>- bjl^L^i^yi L-Aj jil (3(_5^ -X3j 

Lo-Lo L j»J-Jl A->-1 ^Jl jj->/?.*J I f-Lol L^ajj3I (3 j^j *® 

j-v2_*Jl ^3 iiljwA dol-5j . j*yi ^j-a ^151 I jJa^o-a jJ*. *.,£>,) 1 ^J-J->cJl j-s/2_*Jl pLoI jL5 
0 y>TLj y jUa-a j/l 3 .C-3La>cJ| ya 4_L) y£> ol y$ jsJ*~^?-]\ ^w\-jj>cJl 

3 b>—^ ^3 y .Jl j]L>- ^Jl oL>Li5 3-XJ j I3_a . j*yi ya ^JlpI Lj^b Ljl_A_>lJ 

y^z]\ ^JJlpJI Jl ^3 4-sJ-P jl5 Lo-a jJ-^l jl5 jUa^a^l Jjl j^d J 

oU*_~JLjL5La j y ^ 5 (Stalagmite) -LpU? JwJl>^J y~iJ -f j-^'J 
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( 267 ) 


1300j 1000 


^ itfb 




. (Makapansgat valley) 


^y> dUi JJb t ^ jJl jj-y2^Jl jl^g-l ^3 <JZ A/9 ^ 

(J L Olw« J-Jlj wUl jS>Z^\j C 4_> ^3w~vJl t <U~Oww*< jJl ^>jl j^lj t J j-v^JlJl 

(1)1 jJ_—>cJ| ( j-nJLwvO ^j_P^ OljLjJl £_jjj_jj <• L^Jj.5L*_>jj o^j^l^Jl jJ-JgjI 

A^vwO^Jl oliL/g.dllj (. O^&^oJl oUUl olij!j C aLojJI 0jJ>c_A ^oLojj t 4_^S"ljjJ|j 

US lUyjA p\j J>! j^jJI cJSj . (270)(269)(268) sr ^^Jl cJLUJlj 

^>.a/?. x_!1 Iju 1-^.-C^p L> j_^>- -j j .Vi<g >cj' c L^_<wvi_] 1 ^ 1 ,^^-j L.««*o 1—I 

^11 ^ ^I jwoJI ^g.A/g_S L> ^-wvsJl d*_*2U>«j^ . ' ^wL^i_>cJl 

cO^UJl J^i 3000 flp ^Jl J^i (>Ip 8000) 

(1)^1 li^l jw2Jl uLolS” C jLvkll oLI j* ^^Lp £-toj . ^g]g..wO jJl jl ^>-|j 

oU-ji Sj*)C f\ l yS>-jJu JiVl ( _ 5 1 p 


200 j»L p t j^o ,_j2j<Jl Ijl> .../? 11 l^ A iS’ ^J~s- oJ_gS jlolcSJb-l 

oLa o^jls ^_a o^_«SUl obLjJl ^>3 1100 ^Lp <jjj^ ^Jj ^*>Lw^Jl ^L-S 

(Dynasty) Lo-S’U-Jl (Sung) 4_J“>U *j (220 ^Jl i*>L^Jl J^J> 206) (Han) 

jl^Vl ^ jLililjJl jU^UJl jUU OJ-ol>j . (273) (1127 ^1 961) SfU_S 

^jjIj e-U oiLp) C~qJj l)SU ^5 J J - /? *J 

c ol^w>c-Jl oL Jjj c oJl>JI ( J oj>L p 2000 _U ( /^waJl 3jl^>Jl 
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0 IS" . AbxJjjJl JpU jJl J AjjJwwvJl jlg-c-Jo^ I oIaL^ J C Oj>cJ| 

ybl oLfj ojL^Jl Jbo cjllilj ^HJl jL^JLil 

jl J jU- 1400 ^ Ip ^Jl 800 ^ Ip ^ Uib j^Jl .Ui:> olyuJl 

p 1400 ^Lp J1 ^jJlpJI ^3 bjb_j ^^_v2_*Jl 

cl)^JLll j_>-ljl jl(JtA_>- 1920 ^Lp J-*_i ^j_>- 1 ®b-sb c 1920 

700 p IAjwL^o l_jl^w*-l ^»w2Jl 4 '-b-^b ApI^v? L>b _^jL*Jl 
1500 ^Ip bo ^ i jj^a^J 1 _jl^c>-l L> c 1000 ^Ip 

s ^j! b jJLa 4 _^>-j^ 1.2 <4j-fJI ojlj_>- o>-j^ o->Lb LoJ_lp 1800 ^Lp 

. (275) o^i 


( j*JiIaJ1 ^jP Cp*)L>c_»-*> Jg; Lob A^jLJLs oJ-^> 4_LajL b^oLUl 

/ ^JjJJ^oJl pbbJlj LL^JgJl jUa^'yij oJjJ-JL)! ^jJjJlj ^bbgblj oLLb-^JlJ 
.L>jjj! Lob j_*Lp ^_>l ^Jl (j ^JLll L_^J I j jbJl ( /^>s IJLsb jj >Jl jib j 

<i*> w^I L^vj ojLbl <-3j j-LJl jl jLvgjjj jL*L>b Lwo-^^Jl ojL>c-^Jl oj>-L>1j 

jjbJl J-Lljl ^3 Oj^/2-3 oOjb ^3jjJg Oj_^Jg ^b C ^>jLL! 1 jjbJl ^L>* 


^3 |Ju>. bjL j^>bl 1 j .j-jp ^j-^LlJI jjbJl jg^ljl ^3 b jZj*)! 1 Ibjj l 

jj_v2_*Jl jl ^LUl jj*)LJ ^JL^bJl c_^-bjb 1 ^gx-wvoj .j_*Lp £_jL*J 1 j^JL)1 L>lJ-> 
6j-o Oj_^Jgl tj-b_vgJl j+0*S 1 j C ^Ig «*>jJl jj-y2-*Jl C LoJJg-oJl 

Jb oJl& ^LwoJl dgl jl (^ J^~ 1 


(277)„ 


Jg_>-^ . ^gJg-^*>^J 1 ^)^_v2_*_Jl 


^3 lb j-y*\ (jLo-Ji O j_A^jl 
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ISL-N1 olijj c (278) ^Jl J^JI ol^jJDl juI jUdSH J jd* 

(860 760) j^j\ o jis >..! i - - 7 ^5 <LoLJ cj . ap 


1000 aU ^1 860 aU ^ Ijl 


J-» 


•1^ C 4_x>wUg—Owl \ j y d*- 

,1400 ^Ip Jl 1025 ^Ip ^ ^jliJl ->Jlj J^JI jj^J! j 
cjI jjjbojl cJLo-d ( J cdo US’ . ^jJl^JI ^v2_*Jl 

od>- jL>c-dl d^Jdj Cd> .^Ja.^Jl jj-y2-*Jl jl j ^~I djLLkJl ^3 

.3^Jl (_£ dJl jjj_w2JL> J> ^^Jl JoJ>dj (_£^l l)L»wLLwvJL> ?-^_3jJl ^Jl 

Jl j_vi2_*Jl Jl (1 )jJ jJl jlj-d>-l j_^*dJl ( 7^S ^Jdj 


->L>I»P ^iLdJ Jj •d-’LLiJl ya AdoJl ^3 30 _J LljJLd^ 


(*)* 


^3 ^L- ^£dJl L^_p jjJ ^Jj J Ui” c j-Jk .v/?. I' ^jJuJI j_v2_*Jl 

^3 Ja-^ Jl jj-y2-*Jl jljd>-l ^.P ^_i_JLS\Jl ( j_S'J>j } ^ Ja_^> Jl jl^d>-l 

^3 jjj jw>^Ji <« >ljl?*- dja ji d->Lw*»ijj-> <^5"«vi ojj>cJLoJi djLj'yji 

oL_^l~. o^Jo- oij . (282 ) I,Lv 1^1*. JLpt ^]1_p! LLJ ^jL 


CJ ^3 4 jLJLj y*j J2_>- J Ui” 


SlJJl 


(283) 


^LJl ( /j>J oL^oJl £_^J>cJ ^ dal J+S>c -Jl 
LJjJJlS” J (Walker River) J yy J j (Mono Lake) J y 

o^iJl <J ^diUJj (Ansazi Indians) j^jjL^J'yi 3jdJI LpIjJ 

daJa' .LallaJal J^S I jlla^s'yi CUjLS’ d-—*a»- t^ja-w*>jl jy*^^. J1 ^d>-l 0 ^Ss^oJl 

^Ld2> Mjiajfc (Sand Canyonn) J^dlS” JuL- ^ jL^d^l y* J olil^ 
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J liU^j 11274 aU Jl 1270 aU «. 1180 aU Jl 1125 y _^kJJ 
3jjj 4_b t J) jib -j-ILp bJlbJl ( 1 )jJl ^j>-IjI ^ 5 ^ IaLp JLpj L*_)jl 

JbbU Jlj bjw> JjL-a «Jj <• J_bb ^IjJ Jlj <.j»l*_kJl 

^ 4 .IjLa oj^Lba jjjjbulj'yi j ]j./? 1 . iI (_gjJL>Jl j-.-?*J 1 b.-/?>^xb 1 

. ( ja^IJ jj/I ^Jj ( v_ ^ i ~tJlj ojjJl Jw^L>s_a jj .,/?3 11400 j»Lc- JJ->- ^_a 

|»Lp 3000 oJb UjJJlb ^3 bLb I^3 AX^oJlj <Lp>j| jl>*bijll 

lg j- i_jjj oLJlS’ oL>Lp o_o_j Jibs i/ ^jL^Jj/l Ja.j- ol^-bO t j_P 
jL>cJSM Ja>- jA>blj t 1000 j»lp J) 400 j»lp JbjJl jl^~j/l J Jb»Jl 
«. b/1 j *, juaIj «. 1400 ^Lpj 1000 ^Lp Jib* jfl t J) Ip 

. 1900 a Ip b_* JUJI iab _Jjl. jJj . 1900 a Ip Jl 1500 a Ip ^ 


J jl Jl jl (Ontario) j_>jb2J 


J J-laJl 


L^p 


( 286 )„ 


.j-a-^.a/?-II ^wLJ->cJI j_v2_*Jl oLjJJwwJLj cJJ-> ^Ja-w»jjJl jj_v2_*Jl 
j^jj . OjUl c_3jj-laJl jLjJ^Jl LoJw-o AJLsI^ c_3jj3a_i (1)^1 oljJl 

J*>U>- jia^Jl Jjiajfe oLj (lwU5) (Alberta) LyJl ^ y^r y olJl oL -y 
yS'^1 I bJ j jJaJl jUa^Vl ^gLaJ-ol j jJl jj_yg_*Jl jlyg*-! 

. ^ (^wLib>Jl ( ^3 iilip- 


. Lyg-jl doJJggJ J^-.yfl-^-J iL^-ygj'yi 0j_SsJl ^_lj_L>cJl 


-T* 


^3 (j yj£}\ ■>■/?.]! ^J»Jj>cJl ^y2_*Jlj ^Jg..^> jJl j j»y2_*Jl 

^^LLwvJl ^3 1 ^oJ_a ( J-a1 l)I tf Lb5^jjLJl (J^ 

4300 ^ L5^i tta —Jwi->e_LoJ I ^J-P d 

^yj Jyi-dJ I aJj^JI (Andes) y 


Ijl> l> jJjp 1320 ^>Lp d->ljJj>cdoJl (jlSwJl . j j^dvwoJl ^LJl 


B. Fagan, Floods, Famines and Emperors: El Nino and the Fate of Civilizations (New York: (284) 

Basic Books, 1999). 

J. L. Graumlich, «Global Change in Wilderness Areas: Disentangling Natural and (285) 
Anthropogenic Changes,» U. S. Department of Agriculture Forest Service Proceedings, vol. 3 (2000), 
RMRS-P-15. 

1. D. Campbell, and J. H. McAndrews, «Forest Disequilibrium Caused by Rapid Little Ice (286) 

Age Cooling,» Nature, vol. 366 (1993), pp. 336-338. 

C. Campbell, «Late Holocene Lake Sedimentology and Climate change in Southern (287) 
Alberta, Canada,» Quaternary Research, vol. 49 (1998), pp. 96-101. 
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CJ-oJ . (288) ^_Jl i^Sfl ^JwJl e$JLJu>Jl ^L*Jl 
jUa^sl ( /^JLX^>-j % y I Ja-^j ^3 (1)15 AjI *L*L*Jl ol 5jL>c-Jl c (1) l ■>./?, ^ A I' 

0-La?j ojl y >Jl ol>j^ olJ c J^l ( j^o ^iS"! ^ia^xjJl j j,*/?,aJ ' jl^d>-l J*)U>- 

. (289 ' > jS/l y> (_s^ dj- 5 2.5 


c ^IjwoJi j-^a -i jL5L l +./3 ,.)I ^_a IS"doLjJl oL^>cJl d->^_*_d 

oLw-jJ ^jj>cJdxl (_£jJl ^UaJl jLp j C j-^*_v 2-)I ^wULfJl ^3 A_v^L>oj 

^j-SLal 4jJa-^i|j_>j .^JwoJl ( /j_P ^l_P 4000 AjJ-a ^>c-wvO Lojj J^^Jl ^^3 Olj^>tJl 
oLjJl dJjLHIj .A^JJa-^Jl jj-v2_*Jl J>L>- jUa^Vl £^-l^L>jjJl jl4 jJj 
\j c li^l OjljJ>- oU-j^j ^la^xjJl jj-va-*Jl jljO-l £_UaJl jl*P oL5-Ja ^ 

^3 oLoiaJl oj_& ^3 ^/?Ia>c_)I 4_*d> (. jS\ ^pIjj ^jSJj oljLjJl wLj^>5 

^15^ ^ ~j^a ol j*> c-Jl oL jj oj^Jal dij . j*.*.*/ 2 lII ^jJl>JI j^a_*Jl 

c APjJa^oJl Ja3Ld> j ^IjwoJl cl)I IS"^-al ^y>-\ ^j5"L«l ^3 £_£j 

• ojjL ~s y~* j^A^a, 11 ^jJl>JI j-v^2^Jl J15J 


0jJ>c_A dJLs*2_>- C ^LajjJl jl^Ml J*>L>- C (^^Lgjl .Ja^>e-^Jl <-J jO- ^^3 
^OjI tji'yr .La jjJayol ^^Jl jJ->Jl j-o (Polynesians) j_JJ a-jo^ 

^->c_>c_]| oS" ^JdS” ^Lp ^ a j d.*.> 3 j LsddP . 400 ^Lp Jl(Easter) 
j%J> .^Jg-^xjJl jj_v2_*Jl jljO-L ( j-°J cJ*^L>“ c 1350j 1000 iJldA 


^Lp (J^-L>cJ LaOP ^Oo| 0 jij>~ Ol-Sw* 1>J .^*_v2Jl ^OJj>cJl j^2a]\ cJ^l>- 4iL>-J 
JS odl?jd^l jLSLwJl 3dp ^a3LJj j-sLJI ^j->J J^l 11600 

t (Austral) Jl oj 


.(Society) ^oLwxj-wx c(Tokelau) 


cr" 


M. A. Cioccale, «Climatic Fluctuations in the Central Region of Argentina in the Last (288) 

1000 Years ,» Quaternary International, vol. 62 (1999), pp. 25-47. 

M. Iriondo, «Climatic Changes in the South American Plains: Records of a Continent- (289) 

Scale Oscillation,» Quaternary International, vols. 57-58 (1999), pp. 93-112. 

A. J. Chepstow-Lusty [et al.], «A Late Holocene Record of Arid Events from the Cuzco (290) 
Region, Peru ,» Journal of Quaternary Science, vol. 18 (2003), pp. 491-502. 

V. L.Valero-Garces [et ah], «Palaeohydrology of Andean Saline Lakes from (291) 
sedimentological and Isotopic Records, Northwestern Argentina,» Journal of Palaeolimnology, vol. 24 
(2000), pp. 343-359. 

G. McGall, Pacific Islands Yearbook ([n. p.]: Fiji Times, 1995). (292) 
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(Tonga and yyj U2 jJ j i (Marquesas) jSjL»j t (Marshall) JJijLj 
j'j^' ojJsy Jj cJUj .^UjjJl jl_y^N! S_yJ ^ Fiji) 


( 294 ) 


(_gil^Jl la.axajl 


j^>- L) UL>* ^A.}jl La.XXP f 2 ^ JJ - a *- 


Ja-ajJl j j-^2j«J| jlj-^*“l /^-P 4_-»lj^ 112 y& LoL^aiJl Ja^-Ll J^Ja*tj y~> 

Ij i oJ_>tJLoJl Cala*)!jJlj t L-» jjj i L>jjj!j t ^_3 

Ja_aJlj LJljJL-lj i jj_wJlj <. j-CUa^j'iMj t ^_I—wCaj t LJLajJ!j c JLtLJlj 


• u^r 


oi 1295 JyaJI 


Lo>5” .Ljw\j>- jLS” ^Jl j^_v2-*Jl _jl 

dJJ3-S"^ C *)/I (jLo-Ji ^3 ^>c-Jl ^LS d->L^A»j_> ^3 ^gJg-^AijJl jj.y?,.*J' jl 

c ]g,^>c^oJ' c jJj>cJ| ^JajaJl C—>jiJlj ^ yS>- 

.4j j-^j Ja-%>c«oJl ]g.*ijj 

jjl^c>-l ^3 CO 2 o^j^SsJI wLw^S"! ^^jLj d->LpLw? iibwfti ^S\j ^ 

j_JL*Jl (1)^JLlI jj>-ljl jl^^>-1 i jlIj_A jl5J .^Ja^>jJl 

^iJl CO 2 d)^jj5C]| wU^S"! ^lil jL^I oUL*-ol oj LJ cjUL 

(^1850 - 1280) ^JwaJl ^JLJl^L-I ^a*Jl 

j_v2_*_)I ^>3 4_p j-wvo jJl j j. ^ 2 . ,*J1 ^Ijwo ^_^jo I 

C j_JLpj Ij^\J ^y-LwJl ^oJL^ilj . 1303 pLp ^3 L ' 


j-»/2_*Jl l-bj / iy>y^j ijlSL~Jl ,jj_c- y yzjlsJij calpU^a J) 

JaLLa Uajl Jl5”j ^a-1 0 4_LaL>- xJl LaJJwP -/? : 1 

y°j J-^-M (1340 ^1 1280) SyLiU (WolfMinimum) LJ-)Jl c-iJjj 


i oJ_i 


La J-^P 


iaLfjJl 




c-i-LSLJl ^lJ 


Cal ^laJl ^j-a ^J_*a y -./? ! I ^J^laxJl ^ - .a 1 J„a jJj .l^jL j^sJl 

(Sporer LL-)Jl jjj~i oL >-ji oJl* c-JLS’j .JJ! LiUa l ^.i cajJ^al 


P. Houghton, People of the Great Ocean: Aspects of Human Biology of the Early Pacific (293) 
(Cambridge, MA: Cambridge University Press, 1996). 

Patrick D. Nunn, Climate, Environment and Society in the Pacific during the Last Millennium (294) 
(Boston [Mass.]: Elsevier, 2007). 

W. Soon, and S. Baliunas, «Reconstructing Climatic and Environmental Changes of the (295) 
Past 1,000 Years: A Reappraisal,» Energy and Environment, vol. 14 (2003), pp. 233-296. 

H. H. Lamb, Climate, History and the Modern World (New York: [Methuen], 1982). (296) 
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_ 1645) (Maunder Minimum) L^JaJl j-UjLaj t (1540 _ 1450) Minimum) 
LJjUI j-UjU oJl5j , (297) (1825 _ 1795) (Dalton) LJ.JlJl jjjJbj (1715 
ol>&3 olijl cJ y>Z 2 JI jj L&L^l 

^1»p Ib^o- .yg.l 1 ^ oIpU^j olijl 

• ( 29 V> ^ 


L>J-»_L>- I J_v2_p ^ Jl ^JJl>J| l)1 

.aJL>J1 (Interglacial) yy U o yJd\ ojL iU^li 5 y3 1)15 Jiii 

( /j>S Cjljbj wUJj>cJL> olj 

l»j-p-La wL>1jjl> (l)L5\-wvJl ^jlp L^_3 (1)15 c jJl jj-s/2-^Jl jlj_i^-l ^_9 s-i^ijJl 


4.yg*>c^J 1 4_p|j^JL> Loliajjj ^3 dU.5 J-*_> bpIj^Jl ob-& d-Jwb .AjwbJ»A)Jl 4 PIj^JL 

‘Lb^j'yi ‘Ls_v?j % yi o^^Ji ^5) .(jwLoJi jisLw- 


4jilbJl 


Jj 


aJjLS" j_£_j .ojUl Ab>3j* d\J 4b>-LLoJ 1 4_>lwbJJ 1 wL*jl^v^3 1)^5o 1)1 1)jb_> 

c o|*JL*Jl bjjLSsJl oj_A C—flJj t 1 j-^5 l«/9,3Lo (jLSv_w*Jl .5J-P ^/2_sljJL9 t <LJLo 
^-yg-xJl 4_>lJ-j oJ_Jbj ^l^Jl Ja.-s>c-x51 l)155-*i ^J-P 




115< 


(300) 


j-wi_vaJl 


(301) 


UjJI ol>Jwlil j JjjLjj JJ43Q2JI ol 


C-oLS" c j^J*. +./Q 11 ^jJi^JI j 1 (J^L>- tajl> jj>sJ 1 

( 7^s j»lp oLlJcJl o j_& £_o Ji3j tt^L^xj^lj ojl^>cJl ^3 ^w*> oLUj iilbA 

ol>j3 ci>^*i b5j5t-wvJl tLJwOl WjJjjLo® (1686 _ 1685) oj^Jl 

^3 ^L-w^Li bbl j^xij ^LboJl .(1684 _ 1683) bJlp ojl^>- 

o!^5cJl Co5j .jl 0j$ ^y 3 cJL5-o^1 j (ulv? 1 j^Jlj c ojlj^>cJl oi>j3> 


J. C. Ribes and E. Nesme-Ribes, «The Solar Sunspot Cycle in the Maunder Minimum AD (297) 
1645 to AD 1715,» Astronomy and Astrophysics, vol. 276 (1993), pp. 549-563. 

L. Ladurie and E. Ladurie, Times of Feast, Times of Famine, translated by Barbara Bray (298) 
(Garden City, NY: Doubleday, 1971). 

B. Fagan, The Little Ice Age: How Climatic Change Made History 1300-1850 AD. (New York: (299) 
Basic Books, 2000). 

P. D. Nunn, «Environmental Catastrophe in the Pacific Islands around A. D. 1300,» (300) 
Geoarchaeology, vol. 15 (2000), pp. 715-740. 

R. Touchan [et al.], «May-June Precipitation Reconstruction of Southwestern Anatolia, (301) 
Turkey during the Last 900 Years from Tree Rings,» Quaternary Research, vol. 68 (2007), pp. 196-202. 
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. Jl jj\ l$J (1)15j y* J <• A^oJlpj c 4»Jj>c>s 

^J»Jj>cJl cJtA5- (Oj^Jl ol^ojJl ( jP 4 _Ajj-* 0JJ-v^ (1)^1 LXjwUj 

0*)L>c-w *>j c 4_v^L>cJ| CpIjLcSsJI LCOjjj .^j-vwiiaJI 

<^J3-^PJ-) 4_^_jl_*iwoJ 1 J^L-yg-oJ1 ^j_^J Laj^Pj 4_>O^Lo->tJl CjL>LcS"j C 

Lo-5" .^JLiaJl CjI jZ»y& y* Laj^Pj ^d) j_SL>j c Lg_lP j-^j ^L>jJl oLaL^cJ^ 
cp*^L>x_^vJ oj^>c-oJl cpL)LlSL]I_j c Aj^jwwvJl cp t)L>c_^vJl^ ^jjl^Jl Lcdapl 

^.^■tf.jg.li <2 jIA^»“I ^p 4 _v^L>cJJ (0 j-^P OL J_L*~4 <Lo j-ygJl *L»_p|jjJl 

jj>c-jJl j->-l Lr° c_3lla_3 ^-w*lj-« Ot)L>c-w*i LJ <2j j£jj .SwUwLaLJI 

•^-j j_--Aj jLla^jVl cjjJg-Aj c Ojl^j>cJl oL>j) ^_P |Jw^>- ^j_^>cJl jU-^.1 J 

J^LcLcJl cp 1 jjL3 ^_3 ^_LpI <~j ^_-_>cJ! jL^I cujLS" ccJLloJI ^j-w—*» ^_L*_3 .^l_> 

_ 1775 j^Jbj 1715 _ 1645 LJjJI «jJJjLo))) ^L^Jl 

L^jlaL>- JL^*jLw 4 ^j_5Lx>w>j .ojj-Jl SJoJl^ CoLS" L>jJ_lp (1825 

oLlL>-j ^3 ol^2L>cJlj £-UaJlj Ja-^>c^Jlj olj^w>c-Jl J y>-jj 

c jJc>J I (_J 0>LJo>«Jj c <LoL>-( 3j j-*-^ <^Sjjj i 4j jL>c_CiVl j^j 

oIp^/ c a^>cj jLJl o*>L>t~Jlj <.<L>-I oUUaii^lj jA>~j 


(303); 


IwL^Coa cLlta ^wUUJl j^2-*Jl o_3jjJ^ 




^3 ^jj>c-wvw« ^3 J-Jj>cJl jL^jl ^ jUl ^ICoJl L)| 

^3 IJJwloj^-o ClJjo! Jj^T <C1jIjIa]| 

j ./g «Jl -Jj . (304) t ^JL>_^Jl t _ r Ja-aJl y>^Jl (Svalbard) ijLJLL- ^1 

o^jL> ol jCC3j L^JJj-cJ J-A3 .o^jL 5wL> jJ j . * 11 ^aJl^JI 

t^ jJl^JI i?L*ijJl ^Jl 4_3L2>^/L> c^LlxJI ^_3 oL3*>Lc5“!j 

jcJl J^-l y* cu-wo oj^o ^ ^15 JLo-J-j ^ ^5jjjl .^jJ^LwJl 


P. D. Nunn and J. M. R. Britton, «Human-Environment Relationships in the Pacific (302) 
Islands Around A. D. 1300,» Environment and History, vol. 7 (2001), pp. 3-22. 

B. W. Tuchman,yl Distant Mirror: The Calamitous 14 th Century (New York: Penguin, 1979). (303) 
J. M. Grove, The Little Ice Age (London: Methuen, 1988). (304) 

J. I. Svendsen and J. Mangerud, «Holocene Glacial and Climatic Variations on (305) 
Spitsbergen, Svalbard,» The Holocene, vol. 7 (1997), pp. 45-57. 

B. H. Luckman, G. Holdsworth and G. D. Osborn, «Neoglacial Fluctuations in the (306) 
Canadian Rockies,» Quaternary Research, vol. 39 (1993), pp. 144-153. 
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(308)(307) 


iiili olJs-Ij^Jl oJla J-^ai Jij . JiVl ( _ 5 Jlp jlJU-JI 


(C 14 ) (1)j_5Ul ^9 IJ_jj jJ-3 J^Ls/SL^ ^3 <LoL>- j^oJl i^J j *.Jl V tLJLSvJ 

l) 5 ^jj>5l ^-3 j5Jl <1)1 j^Ja-> L« c (^JlJL^JI j_v 2 _*Jl (J*)\J>- 

*5o~5 oj-oj .j-s^ 2^_U ^j-J ^3 <53L5| ao j5 a*_ 5L ^iJJL 

<bb UjJl jJjjL* (j-^J ^^3 <1)5 |j->jjJ-3 ^3 LJjJl jJJj 5 jl ^jL>-^ oJl j jjJ j| 

.3cu>5 jJk^2^\ jU! ol Oj jta *bjjjl <J 

jJ^a. Jl ^xJufJl j^a^Jl j5j>- (0^ 2j jfP' SLj tJ jl^>cJl oHj.5 j| 

j5 JcJUJJ iiUaj (1)1 t oljJj>o 4_*jjl A^lj.5 Oj-^Jal Oij . |j-LLwvol ^3 

P ^a»Ll)| (1) JjJ I ^-tf-ygJLQa ^-3 

.cAwaJl J ojl^>cJl oL>j3 


Ja_^i y~*J JlJl^JI J5 ^j-° ^_3 jbp i35-& jij t 


^j-JufJl j^a^Jl ^j_J oL>L*Jl dojL>cJ 5j*wol cJLo-O iSy*~^ (j55l 

(FoxtailPin) y ^jj^aJl c_Jl*_l)I J_o oLJ ^^5 .5 Jl^JI c^ 311 ^Jcs<aJl 

^p j^l yy^j t aSsjL^jI 4^-plJ aS ajjAj j^sIip jj5JI ^jLp oLJ 
j»Ip ^ (1)15 j->*Jl d)l tali-J 1^-^ JL^- (—>J (Western Juniper) ^^JJl 
1450 ^Ip ^ f-lJJol * y ] jl5j ciJUJl i^jVl ^ tb! 1375 (>Ip Jl 1100 
y jJwaJl o jj>*Si ^3 4_>jJw^*Jl jL^c-^'yi y^ OoLfl»L>- ^_g_!a_) 55 . 1850 ^Lp ^yj>~ 
5 y*-£* j^bfs-^J jbfc-^Vl l y2-Aj jl t bLLo — lojji-Jl5 ^>-L>- J-LP ^^_*Jl 4_L>^Ja 
800 j>L p ^j>s ^-IjjoI 15i^» iOs J5 ^3 ojl^>cJl ol>j3 Ja-^> y^a .^Ip 5500 

/ ^jJl>JI ^^3 ojl^>cJl ol>j3 tjS/l 

^3 LfiJj5c_>J ULSbs (1)5 JlsJl jl ^J-P 5 jJ_> tJI ^LOjjVI 4_3 j-*~aj ^jjLJl y&j 


Magnus Magnusson, Iceland Saga (London: Bodley Head, 1987). (307) 

A. Nesje and S. O. Dahl, Glaciers and Environmental Change (London: Arnold, 2000). (308) 

E. M. Druffel, «Banded Corals: Changes in Oceanic Carbon-14 during the Little Ice Age,» (309) 
Science, vol. 218 (1982), pp. 13-19. 

C. J. Caseldine, «The Extent of Some Glaciers in Northern Iceland during the Little Ice (310) 
Age and the Nature of Recent Deglaciation,» The Geographical Journal, vol. 151 (1985), pp. 215-227. 
I. D. Graumlich, «A 1,000 -Year Record of Temperature and Precipitation in the Sierra (311) 
Nevada,» Quaternary Research, vol. 39 (1993), pp. 249-255. 

V. C. LaMarche, «Palaeoclimatic Interferences from Long Tree Ring Records,» Science, (312) 
vol. 183 (1974), pp. 1043-1048. 
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jjLS' (jjJlJl ^^jLtJl C_i_v2jJl ^J2_3 .(_£J_J^>cJ! j_v2_*Jl 

^J-aI t _5*^ >s LoJ^o C IwUJj-A J A»lp (3^~->»Jl 

t 1 >-C2w«»*0 I I wt»5-^" ! ^ .I^L^tj} ^ yj L-w*^J 0 jJ ^ ^ -1 } ^ j-J l ^ «s A ^ 

L^3 Oi> ^lll o^<51 ^jA o j_A (^7^ j*3j • C 1 jLpL>c _/0 (jl^wvJl ^v^j>ci 

c ^JLo-j ^ipIjjj 1570j 1420 o^uJl ^3 j_*iS\jLjJI JJLs ij t 5l)S 

2)} <JjJl dULw&. j^j^a. j i ^xJl>ji j-v^_*ji <jj*yi c_i_A^2jji ij«A jis'j 
l~J j-3 j5Lp ^ysliJl j^JL)I jJ>-ljl ^3 j_5tJIj Jj_*^2j>c_^Jl *Jl 

• 4*>»*«*«jI ^_PO I pI^»*^ai| t J \ ^^5 C ^ ^«-*^«J 1 ^ L ..<3 I ^..i- - --* 1 

0J_jJwJo dj| jZ3 ^>j! ^ (1 )LOjL> (1)1;^wLJj>cJ| ^_v2_*_U (1)15 

^a)L_5j 5JJ.5 ^J-p y~^J .^^w<>-*xJl <^515 Jj?LJL> ^/?_3Ll; <Cw«jI ^3 oj^51 

^3 ^5^5 ^ iw>Ju J-pI iLiillj 4jLi>Jl ^^5^1 (Isotopes) 

—L_La_^<> 51 j y .yg,.*-)'^ c ^g.]g-*,««j^_] 1 j j. a./? .*_) 1 d->l ^JL3 jl J~^~ ^ ^-pi .*/?, 11 o5_a <Zj $Jkj>- j 

^wUL>Jl ^3 O-*gf-ljJj J-Jj>cJl jL^-jI Cl^aJJaS . ^yloj^J| j| 

oLUJl C—Jj-w*>j ^jJl^jJI ^jJLlII (J*)Lj>- <-ojjjl *l^J| ^ J$ o <• Jl 

*L^3^_5jl <lJLowJcJ| ‘LAJaJwoJl <Zjj ^ W\ j .^J^L 
c ^j5j j_*_! olJ-L>cjJl Laj_*_i o c oLLiJl Ij^^Jj ( /^owLJj>- 
t j r ^ij . jj-Aw\jJl ^_>cj ^_>rj; ^jJl>JI oLJ5xJl cujIS'j .t)LwL3 L^_v2_*_i ^>-1 jJj 

.Ljjjl ^_^Lp I j^zjia (j! L«/2 jI Ij-A 


_ 1280) jJ *.■>./?.]I ^wUUJl ^vi2_*Jl ( /ys <lL>-^ oJl 3>L>- <1)15 

Aij .4 -JLlJI <lL>-^<J l ^3 jl jJl jj-v2_sJl jljj^>“l ^3 j-5<Jo Lo->s j-L51 (1550 
l^jL La-w^j coljj^Jl ^ lJ->- L^L^-j Isil^ Llw^ ^_3 fc >L5-'yi iw-L>- 

ol-LaJlj 3Lo-j5l j. j>c_> ^3 c-a-s^?ljl^t_5^ j-25 

c ^L>- ^_3 LL>-j t t ^JLo-Ji f-L^Jj iiL-A (1)15J . 4 j^—L>c_;^I 1 


F. McDermott, D. P. Mattey, and C. Hawkesworth, «Centennial-Scale Holocene Climate (313) 
Variability Revealed by High-Resolution Speleotherm 0 18 O Record from SW Ireland,» Science, vol. 294 
(2001), pp. 1328-1331. 

G. C.Wiles, D. J. Barclay and P. E. Calkin, «Tree-Ring Dated «Little Ice Age» Histories of (314) 
Maritime Glaciers from Western Prince William Sound, Alaska,» The Holocene, vol. 9 (1999), pp. 163-173. 
J. Luterbacher [et al.], «The Late Maunder Minimum (1675-1715)-A Key Period for (315) 
Studying Decadal Scale Climatic Change in Europe,» Climatic Change, vol. 49 (2001), pp. 441-462. 
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^-2 I ^Jy]p L J^LLwoJl ^3 OULyfl^i J 0 j_>J_P jUa^lj 

^J-Jj>cJl j-v2_*Jl JJ*)Lj^P ^3 J-Jj>cJl ^jLLy? jy>-> ( /jlplj • l£ J-^ 

I ^-JlS" jJu>J| ^ia_P .jJLs* i^LJIxJI (1) ^JLlI ( JJljl ^3 L-Lp CjL*_&jj^j ^3 

jxp ^^JxJl JL^jI j c cJLo-J^j LiLxJ- l5s-^iIj c jjjwLwvol 

(Golf pj^L- jLj . (316) L^J. ^Lil oUUi-Xll OjU>j 

^jiljJl ~JLk)l ^^Jlp JlpLj ^JJl ^ij^^Jl jLJl j-& j t Stream) 

j_£j . j^-yaJi ^jJl^J! j ^. 2_*Jl <J*5Vi>- t^-wsJJaVl (JLo-Ji ( /^s 

j^j y-&y <• 1850j 1200 ^>jLp ^j-o ^/?-3ljJ AS jLxJl ld_& oL^j ^>L^*ul oj 

(J LowJo ^Jl 4«2>l y ^-*1 4Ji3l3 4^^Jg_^i ( J^o->c_j ^x) 1 4_>^_>c-Jl djIjLjJl 

^J-31 SJ j_>c_^ JJlX3 t 4_ILoJl 10 C Ljjjl j_>cJ (j 

Lb 4-dj-^ oLI^j>-) (Foraminifer) j_b4 jj^u / 318) LjjjI 

y\ yZ^*)J I jJa^oJl (^LLJ yyZ>- (J jJ>0 3j->-J OL ^XoJl I. J y» (blwLy^Vl ^JCa 

y* 43 LS" ( Jy3l A^>c1s^a 4jLi? ^LoJl lb& ^cXX j . 4 j 3_P obo-> ^ jJl 

.^Lb t^bjyLl jLu AjLvU I ob*Jl 


jls'j . j_JL_P ^LJl 0 jJL Jl ^3 <^2 ^bJl ^j-LLL? wL) j^Z 

1313 ^^jLp y*j 4_v^L>tJj C IJj>- I<Lu^_*Jl Ljjjl ^3 j_JL_P £_>l^Jl cl)^JjJl 
cb^rj .1 bjL j^>Jl jLS'j . 1315 ^Ip J^b^Jl oL-^b>j . 1321j 

j-ojJl w »»yA ^2 4^3 Lp ( JwW= > L>c^oJ I Cwy/g-i IjJ J t 4^j>cia-wvJl 4_> jxil jUa^s'^l 

^15 ^1 ! Ja_>- ^P OwL^*_Jl^ 4_*_Aj ^jJ^LLoJI d-> j>x-& y .j*^3, A )i 

4^2.i>cXoJI ojl^pxJl ^>-j2 ^la.^jJl jj_v2_*Jl jIjXp-I J*!>\J>- 4^.^/g >- N jJL>- 

^IS'I iJUJl jiaLxJl ^ (Landslides) oML^J'yi j .wbl^uJl J Ja- < ^J'j 

^pUa_3^/l ^Uaxll IJuj .o {S ^t J-J->cJl ^JJL ** ^ 


J. M. Grove, «The Incidence of landslides, Avalanches and Floods in western Norway (316) 
during the Little Ice Age,» Arctic and Alpine Research, vol. 4 (1972), pp. 131-138. 

D. C. Lund, J. Stieglitz and W. B. Curry, «Gulf Stream Density Structure and Transport (317) 
During the last Millennium,» EOS, vol. 86 (2005), p. 52. 

D. C. Lund, J. Lynch-Stieglitz, and W. B. Curry, «Gulf Stream Density, Structure and (318) 
Transport during the Last Millennium,» Nature, vol. 444 (2006), pp. 601-644. 

F. Dapples, [et al.], «New Records of Holocene Landslide Activity in the Western and (319) 
Eastern Swiss Alps: Implications for Climate and Vegetation Changes,» Ecologae Geologicae Helvetiae, 
vol. 96 (2003), pp. 1-9. 
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jLw£j!j (1)j-pUaJlj <2j LpL> c_5I J JJ-V2->c-oJl jj-vfl3 ^3 .1?jJL*JL l-’jjjl 

C_i-v2jJl ^3 ^^J-P <l)l5wJl <1) J-pUsJl .^oJj>c-oJl 

ljj>- ]wbwUi <l)55*Jl 3J-p ^/2_sljo <1)15j . 1347 ^Lp o^5\Jl ^^L>_xJl 

<1)15 5 oi_.d-s/2J ^3 <l)15Lw*Jl 3J-P c_—Lia_> 

Duli Oj^Jl)) <l)j_pUaJl <1)15 j .Lip j yf^** 1280 j»Lp <lJlp 

^*5 c LjL j^>Ll <1)15 LjJ-lp 4^i_LLoJl j^ 3 xij t ^juLjjjl 
LJ^M jJ^2 .Jl <1)15 5->jJ .^*_v2Jl (_£J-Jj>cJl ^v2^Jl y (_£ J- 5 *"! 0 ^ 

?-5>-l ^3 1 ^-^iLp^ <Jj5j>cJI 1^5<1^^^ oLSLJl 3 wLp wLpLw*i^ .a) a5^j>c^oJI 

. (320) jy>Uai! £^Jl Jlp j-ljl ^ 

JjJl ^_p |jjs jjj . y> c-Jl J-5 j>- ^JJL 5 J_Lp Aj^ j>c-Jl oLa>tJl C3 j^>-La 

ojl^->Jl ol>jjJ 4_Lo»>tj ^jJj>c-a JJLlli c j_*_5s_>LL!l c^jJ 5>- ^xJl (Cod Fish) 
( /^X>-j 3 <J^ ojlj->- 3 L>-j3 X-LP 5J-15 < 1>\_JL3 j Av2_i_>tX^Jl 

^iJl 4_^sl5Jl dJ Lwo 5 Ijjd-wvol^ (. ^xJl <_5^ CX-AX>-! <lL_Pj 

^ ^ ^ lw \_^ h ««3^ wC )^ *- S » 1 ' ^ ^ —3 w \_^ l «.^ C_l ! ^ « IW ) 1 ^ ^ J- *— i —1 1 -<V ^ 1 ^ w \ ■»/? ^3 I -. 1 1 ^ 

jJ *J>Ly2-*. il l^ A j <1)1 1 Jl^ -5 Si j 4 jg 7 J ^^L^pljjJl ^IjVl 

J-W 2 JI t^-JjlC-o5j • ^xJl JLpI ^3 ^31^ 131 jL^jI iibwA <1)15j ^Jwv2J>- 

olJ-*_; ^ 3 j_JL11 ^jj5sJ1 ( Jl^-L*^J1 ^y *s jJLll 3 1ia.7 *l5C-*iLJ1 

o5-& ^3 <l)j3Lla_v2j l jj15 .15<JL<>-*zJ _y ^^5 jjS »»_3L*ij5'l 

Jjj>- oLwoJl ^y* ^iLSsJl jl 5J1 j*5 .J->J->cJl ^JLsJl ^L^j 5I ( J^ Ujji oL^oJl 

jJL& ^_jLwJ 1 <1)j-iJl j5>“ljl c_^_v2JLL« ^3 o3jL> o^J 13 ^3 C jj_>LiJl Jj^T 

.(CjjJl jJjjLj) 

^3 90 <1)V C <2jjl j 5 <J^ -yg ->c^oJ 1 y2j3jJ ^s^ljVl <5^^ 

£-LlJL)1 <J*^->- Laj j-J *l^315 L jy~ ^^ >tJ < -^*^j 1-P’ 1 <l)L^-wJl yo aX^JI 

<1)1 y>\ 4JL^PJ-JJ <J j-v^->c-^J 1 4_^57i . ^LaJI ^LxJl <JJ),>c-x>J ^jjJJ Li 15 1 j-^3jij 


N. F. Cantor, In the Wake of the Plague: The Black Death and the World it Made (New York: (320) 
Harper Perennial, 2002). 

O. Petterson, «Climatic Variations in Historic and Prehistoric Times,» Svenska Hydrografs (321) 
Biology Konnor Skriften, vol. 5 (1914). 

J. Grove, and A. Battagal, «Tax Records from Western Norway as an Index of Little Ice (322) 
Age Environmental and Economic Deterioration,» Climate Change, vol. 5 (1990), pp. 265-282. 
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4JLp|jj LlSCwJ I ^3 (J ^-yig->c->oJ 1 Jw^v3 J3 J t jl (1)L> . 

4^pL>c~<>Jl d33l^ C 4_pL>c_^J (J^_v2->c-^Jl JJ_v23 (^3l wl3^ ^J-P LjLo-I 

<. _ r tJl J-Sl Ji jW' JL? <.Oj-J| Jlj Jl 

yjis>-j .s-lwLiJl ^p o>-L> i._a_>jJl ^3 cjj->o ( /j-^jL>cJI ^JLlI oLp^oj>c^s dolSo 

oLo) (Rye) jl3jL>cJl Low^^ *)! <lA&j ^_aj ■b.A>xJ 0->l5 43 L*,^>- 

^JJl (Ergot) Oj-Pj'yI J JaJJl t ^ 1 p c ( »* J US' 

^_£3lj *^dj-^ 2 - 5 (*^ 4 lE>-j-* L>j-y 5 *" JJl ( J5li .t^j^j>cJl 

C CjL*>J_L&J l (^JJl (^jol jJL)l jU) ^jJ^j^l jv-o-^Jl 

w^A_3 ^ ^J«^~ 1 wXJ I I 3^M ^ j-y23 L>- ^ ^3 • 4^pLoJ>- Lj j***v**J&^ 

. <323) ,_j|^iAl ^yJl (Gangrene) ioycJJl ^y> ^1 k>_Jhl ll 

(1)1 jjLS' £_jI jJ| (1) ^JjJl (oL jUft-J^l) ^-I^ULa d/^J 

A^j^A-P £j j-oJl ^.*JLlaJl d)l5j .4P^-L?-i2^3 ^Lj U^L>c^5 (1)15 W 

ol ^p-LwJl Cw« j_U ^^Ap jJ^wO (jlJa^ Ail (jL { ji **~J 4j>c_*3>lj 

Ij j_v2_3 ol ^L^Jl (1)1 Li j (1)15 jJLs c ^j-^JwQ ^5 jJVl 


(324) 


Jb 


4 L^»v^jl 6 j^jk^ 43^P ^j_P 5 jLp Lj^j^I (jLo-Ji ^3 ^J>~3(J^JwoJl (1)15 
j5 (J jj>- c lil^-5l ^3 ^L>-j <. l}j-^ ^5 14^ol j-> 

(w5JaJo 4j^y ^J-^5 C^_*l5*cj| (1)15 J .(jLi^jJl (»_^J^>c_l] 4.yg-4J>cJwa jS 4jj5^>5 

C 4_>j5?^Jlj ( j-*>ljJl JgUgj55 j-v2_*Jl J-wo-j JL3j ^-123 ol j^I j 4_jLp 5*!>\jLo 1 

34j>c-v^Jl J AjwLx^Jl 9- 43Lv^^/1-> C LojI3 4 J 

0 j_^xjo (^511 1 -L3jjLjJI d)l5j • J 15>- 45li» 4^0 o->5 j5J 

^•ij5! ^3 ^JoJJo C 3 f-L^i ^j_>5Jl d)V c ?-Ijl5JI ^3 Lp ^ 

4j^_ll w 313 ^ y, & l ^ -1J 3 ^ ,*.ai I t - l - ^ «.is^ ^ c_ 11 L 33 i ^ j) - o . a .* 1 1—4—«_5 

C J-oL o>j Lo 5 C 4jgJL$s-^ ^3 .(4_oj^oJu) 


S. M. Garn and W. R. Leonard, «What Did our Ancestors Eat?» Nutrition Reviews, vol. 47 (323) 
(1989), pp. 337-345. 

W. Behringer, «Climate Change and Witch-Hunting. The Impact of the Little Ice Age on (324) 
Mentalities,» History Department, the University of York <http://www.york.ac.uk/depts/hist/staff/ 
wmbl >. 
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j-«.*.■»/?.li ^3 .^^SsjdJl <jL*-w%Jld lo^ddsodJlj 

1 ^>15" ?a^IjJI jldJl cJ y>- dd"°d Jd ^ (Jj-L^do l^-^ .dl^**Jl 3 Jp ^3 ^/23ld 

.£_JaJl> ^■^.■tfJg.] 1 ^P 0 jjAj>xSj 

od_gJ 4_>L>dd*l Cd-olS" do>-L>-jJl jJIjjJLi .^ddo^/l 3jLJl t j^-laJl ^3l 

d^-odjJj-gJl jJOjij .^*-JL*Jl 4 o jj_; 0->c^-^j L>-jL>- 3^.Jl d—<L>I <l^s>- .4daj')M 


002- s&\ do3l V&S .4_>djJ^_^Jl oL^oJl 4-^ l^-*-^ (J^l^ldj y& i2-Lo~w*J! ^>-La LadJP 

o' di ^-J ^ 3 L*^^J1 ^ ^ 3 I doL*J| 

.^ ^j >cJl lo>-jJjdSdll IjjjJaj 

cii-L jUJl d-oIS" JJ 23 c LajLi^a'I^ ^Jl j^_v2^Jl jl^d-l ojL>o d—I 
(d^JaJl d-o>c^v 2 Id .wdL>cJl -^^d^d 1 ^1p! 1 dolS"j l^-«./?,P wd*il jj-yg-^JI 

aIo^J^ d->IjJL9 (jLo>sJl Jj_L? id-<2-lplj l L&jLdj>-l jJwdo dol_*_dJdvw^ <dvol_Jl ^1 _p 

^_>ljJl j^JL)I oLdujl JjJl^j j .^/?LoJl IojL>dJl ^y> jI^j d-*j>c-w^lj 
c (Jj-l^l £_Jo di ddijujpj I JdL**ol ( /j-o jj>c-Jl Ja_>cJl ^^_Lp dlS" c j-JLp 

do j-Oj / ^IdJJl ^j^JLlaJlj d-J_>Jl ^_do><dJ ^dS"! lo y^T d^_>dd doli jbj 
^y 0 IpLa-s^I j-JLp £_>ljJl dj_flJlj jjLs' i^JldJl d y ^>I ^3 4_>jJL)I ooa-o^l 
^xS"! ^ iIjLkjIjlJIj IjJ y&j ^ LJLoJi 4_vajL>&doJ 1 

100,000 

twUMdj-p (Norse) ^jy dJUddSL^Ml dol^oCd^Jl ^ u-d' J- 




(Jlo>-^ c ds-^L^-L] ^Apj ^si 

dLS’j .dJi»_dL>cJ oLLp iildA ^j^o ^d ^ d»Jj>- 

iJldA idolS" <L~J>- . d_j*^lo ^P dlSw. ^5 djdd jj\ f-lwLiJl y2JL)j doO>cd>Jl ^ld>JJ 
JjTL_gJl do^^-tlj .1500 j>Lp (Osterbygd) ^ ljy>yy ^jy> 225 

I jldd 12 1 ^JwP ^/23lo dS*!)ld> ^P J y^ Ja-^*i dl jjlJLoJl ^3 «d^Jg_xJ I 

o^-^S" j jJJ dw*>lj3 cdoj .■,/?_! 1 ^dJo>cJl j*./?*S\ i^d^^ ^Ip 200 cJ>^S>- 

t d>-j3 1.5 ojld_^_>3 ^/?Ljj_>c_}| 2]l—d& dLS" 4_>! ^_^d_^oloiJl dl-d^i'y ^Lw^SDl 


W. J. Wolff, Nether lands-Wetlands. Hydrobiologia, vol. 265 (2006), pp. 1-14. (325) 

K. J. Krogh, Viking Greenland (Copenhagen: National Museum of Denmark, 1967). (326) 

Helgoland Mud Area, German Bight, North Sea,» Geo-Marine Letters, vol. 23 (2003), (327) 
pp. 81-90. 
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jjlJLoJl 2)1 UJI jjLioJ j^!b\j . 1400j 1100 j»Ip ^ij^ 3 

5lta\Jl *3—^-l_>cJl) *A_^_>cJl .^L-P l_JEo— P ^3l t 9^Jl J-* 

^a L>-L>j y £\J c-fl-A/a-P 1 j_L>Jl c-^Ja-flJlj j_P C^>^-a/5 I j . ^wLa ^*J| 

iwJ ^^-9 j_>c-Jl SlSj ^_9 ^Lojl j-^Jg Lo-S" C J A * a /9 ll J A,/g .*Jl 4_>|j_> 

4-> J-*-*/? lj_^>-lj ( /j_>JJl ® J_*_L5s_>LjJl W O jjO y* jJlJ £ji -k5 |J»& 2)25"j • J-J->cJl 

.U^Ljj Lw2_p jl>cJlj J-Uj>cJI ^JlxS" t^_^vo jJ*)2x_>j_p ^j-« *—>j ^ j^5"l 

clAj^J L&LJL>l I t Jj*)2Xj^P 0 yyxSL^A 0>e^l ^Xg»~ ^J^J-Jl ^1 
(Enuit) L>c_>j . yjjs>- Lg_^JL> <LJj_&L« jj-^ 2 _*Jl j!j_xj>-I ^3 

. Jg.it 9 (<LsS"^-4^1 O^LaJI ) 

^Ij ^1 (1850 _ 1550) ^JwsJ! ci^UJ! ^Jl ^ ^Ul cJ^lJI 2)15" j 

I J_& y~SL*-)\J . yLS* ( j-Ol_~Jl 0 jJLjl l fl-A/2jLLd ^3 lwU>~ ^ yXJ OJ^ J .1 yXZ 

IjjJj j-SJ-J ^3 C—>Jl AxJSj y* ^JtJg ^la^Jj .4 -oLjJI ol^gxil ^Lp j-^*-Jl 

210 _J oljj3 oj_^Jg| 14^vgL<>Jl 5500 —Jl j^-JwwvJl J*)2 J>- LaJLoj Ei>-Lx>s 
o^1S"Ij ^j~i I ^^l-AJlj jJa^woJlj 3jUl (JwLJLoJl ^LUoJl yA ol y-^> 

. (1540 — 1450) LuJlJl JJ JyS> Jv>2j>“ yJ^A 2 JI (_£J-J->Jl y^2 _*Jl ^3 4_>jJgj 

^j-vu J_9 (_£3 0jj3 ^.Aj <• LgJjJg ^3 ol j_L-a> 210 J 0jj3 diJi i-bLvaJJ 

. (De Vries-Suess) 

1-3 ^ I 2)1-5" yLS' ^O^LwvJl 2) jA- Jl jj- 0 C-i-ygJ- JI 2)1 J-Loj 

0 ^X3 J-JO ojl^>Jl olg“j3 ^3 LoU L/?3LJ t L^Jl 3 ^^-Jl L«Lp 150 Jl 

yt*s- ^a»3LaaJI 2)_/-^-Jl I J*^->" ^Ul 2)2-5" J-A3 c ^Jl jj_v2_*Jl jl^ jl>-I 

OjJLS' j4-i ^ I jj ili 


R. Monastersky, «Viking Teeth Recount Sad Greenland Tale,» Science News, vol. 19 (328) 
(1994), pp. 310. 

H. C. Fricke, J. R. O’Neil and N. Lynnerup, «Oxygen Isotope Composition of Human (329) 
Tooth Enamel from Medieval Greenland: Linking Climate and Society,» Geology, vol. 23 (1995), 
pp. 869-872. 

J. G. Jones, A History of the Vikings (Oxford: Oxford University Press, 1968). (330) 

K. J. Kreutz [et al.], «Bipolar Changes in Atmospheric Circulation during the Little Ice (331) 

Age,» Science, 277 (1997), pp. 1294-1296. 

F. M. Chambers [et al.], «A 5500-Year Proxy-Climate and Vegetation Record from (332) 
Blanket Mire at Talla Moss, Borders, Scotland,» The Holocene, vol. 7 (1997), pp. 391-399. 
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(1)1 C Jj OS jJU jJLp ^^LJl (1 )^aJ| ^3 O^wa9 iib 0^3 

Lp^j>- l^_>b *aJ ^1p ^^jJl j^xSCIaJI olSwJl 


t ^ b«*3 I ^^aJ I ^yA 0J I 4_^3 I 1-Xj I 0I 0i-)»A ^_) I ^**P 

^J*pI .Lw^lij bjL 1565 — 1564 f-Lx-Jo 2)15^ ^JJ 23 

CU>15 j . L> J j J 1 ^9 ^UpLoJl^-^l *^j>-l jJl A-Ls j < >L*_vaJ| C—Jj>- (J j),^/?,3 

C-oJJ c j_v2_*Jl ojj^ olollil 200 j I 150 _]l ol 

. jJl ^wUUJl j^2-*Jl jjw£ ^ jJLws^a Sjl^J>sJl Ol>J-> 

cJlP c (33 Vp ^^oLJl (jyjj! c_Av2^ ^3 *y>-LL<Jl UlA ^1 ^2L5lj 

.4-ojjjVl t._JVI (Jl~^>“j liUJl^Swl j C IJjJ-wvolj C Jj j& ^3 4.P^wvo OlJ-L><jJl 

^Lp ^AjJ 0j1^*_> ^>o.^A; ^JjJl L^3 (1)15 4-Jl_Pj 4_*_^L5 4 j>c-JDJL> <2j jS>xJbj 

OL«3j (Jj^.yg.3 Oj15 *AaJ a5»P ^^JLo l-^ 0 (J^J^l t Owi-P 

(Jjb>-j ’ lj-*-*5 ^JlS"I J_oJl C—>c_*_V?!j .0 jJa_^w4J |j_^>- OjL 

Jwws^L>c_^JI ^JJ djLw^LowS j-w^*JLi I^_<>-L3 bj 2)1 2)^_Pjl^oJl 

cui oLpL>t_^Jl o_U- c <u_Lp -sLoJlp^I j5L<>-> M ^ JlJ 1 c ^ ^aSV1 

^ 2 _*_J oL^>cJJ I JJlsj oULyg^J c U y>- AjlJ^P c_Av^1 j-P C-oA^-Ij .5 j-^S ol j_L^a> 

£>J C^A3 ^Jl 4j Jjjj^Jlj C^oLoJ'yij C 4»5”jLoj1 jJl (J^l^*«5J OjjL>c^>Jl ^J^ljwoJl 

JuP J J-; jJLwO ^ A .a J t J-AL*iwoJl oj_A (l)j j-^L^-oJl (1) J^jLw^ ^Jl ^JuPx-w** *A-£j .j_>c-Jl 

J^-2^ Lp y ^jJl (15469 _ 1525) (Pieter Brueghel the Elder) j^S^l 

! <Uj>cE 4jLs^Lp ^3 0^J>c_*^Jl O^Lp C 4_o 1 j wLaLILs 

Lo^-9 |t-4l3 ^-^- J . 1-^-j^il ^3 l ) 1 ^L)woJl djl j-*-*-) C-l>s-w*i 

j^>c-jJl j^j ^j^Lsj .^^Jl ^ oLjJLwwa ^3 cjL^PxJl ^-o-9 ^JLpI ^3 Lobojj-«j 

^J-^3 <L)VJl~a (1) l -s5 -s 3 ^_P 0 *!>L>c_^' J_>- Nj t 6 13 jJL^-wo-j ^3 

^_i5lj J-A3 C 15^w«l (J LowJo ^3 4^_}Llw« A^aII C-ol5 J .jjLS' ^Ul (1) ^5ll C-Ayall^ 

<jlj\ ^-w>u-Jl wt-5j>- (1)15 «-t3^ .*l^*i13 ^3_p *yI (1 )^j4^^jLwvw<>-1 1 

.L-A^il (^ A+P'Z.A ^J+>- iS 


SJl]J .LL>s|J_ 3! d^_>c_j 1 ^f_]g, *Al 


J cbjL aIj_^JI jL 5 bl 


Grove, Little Ice Age. 

Lamb, Climate, History, and the Modern World. 


(333) 

(334) 
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^Jg-pi Lo-S" .islkU ^j-vw<>wsxJI bu 3 ^Jl ‘•-jI' w-Jwol^j 

y* p 500 J LJlI j J3 - >m ®jljgJl ol ^y 2s> ^ 

oJ^<Jl o^oiJl oi_A J ^jjS/l jJ* JLp ^LJI 0 jj}\ jlS J ° 3 %\^\ oU-jj 
jjj . ( /^_jj_JL_*_)lj j_JLp ^_^LxJl (j- 0 JjJ! jl j-^~^ *• 500 ^wL>3 ^_Lp 

(1)1.5" (^dJl C-AyflJ ^Jl jJ>- <W>bJl A*~~^J>eJl (1)^ jA Jl (J jb>“ LJl ^3 jl 

.Jg.i 3 LgJli ©jJiiJl ‘Lw^j'yi ©j-SsJl JU_^J| c-i-s^Jl oljli ( J 

l—o L^wwmo Aj^_*wwJ I jL^j-VI ld-& ^-^Jl *bwJl olpj 

jAz*- d^lJLo y 3 Ul ^3 jA^~ c^liLo j J .IjJuj y->j (Tasmania) 

^jLjg iSLjfc j i} t^L^gj'yi ©joj jlo_jl)i c.jygii' 
ollLo (jl jj& jJJ.5 y* .Ul y^\ y 2 JI ^J-Jj>cJl j_v 2 _*Jl ^s 4 ^>c_Ij 
( 1)15 ^J«w 2 -!l j_s^ 2 _j<J| jl JaJ ^ ) L $^l^Jl Jg.^.>^oJl LJljJL^l 

C-i-ygjJL) 1J ^-yflJ>C^3 jl5 ^-*_vgJl ^J-Jj>cJl j-v2-*Jl jj J jjUJ |j-&J .LwoJlp 

. (Gulf Stream) ^jj>cJl jLJ ^3 ^u-v^j^l S^^Jl ^jLo-jjl 

y (Makapansgat) oLp JLIS'L* ^1 j c_i_f5 J-pI j - ya J l c-J^-j 
^lp ^Jj 1300 ^lp y* AjjJL« OwU>-Ij A^>-jwb ^jjI C-olS" A^JgJ-oJl jl LJLjil <_JjJc>- 
jwiljjs ^_s LJL^il *Aij>c_*^w<Jl ojl^_>Jl o• 1800 

^ jJ >-1 j . (Maunder ans Sporer Minima) ( ' 338) ^ r _ : J^S/l jj j 
.Lvo-Tsj (j^i *Jj L^JIp jl5 ^kv2Jl ^wUUJl j-s^*Jl jl L>c-vglj 


o.o^j^Jl a^G ((1715 - 1645) LJjJl (Maunder) cJLS' 

<ojj>- cuj 15 jl wL*_> 1676 ^Ip Jl 1645 ^Ip ^^^.11 ^3 cJLijj-Jl ^j-oL^o 
^3 (J jL>wt^Jl oLIp O yb j Ajlla^3 ^3 jj jj 

^i5"l Ijia^^aj ^jjl jl5" ^ < '^djiVl *1 jj>iw2Jl jl ^jZjLj Ls c ULoj 

jLLa! «L*_ijI ( jlj->=-> ^J-pl ^L*jJ 0 ^_3 oLwoJl jJLwvw^ jl-S"j t jVl 


H. N. Pollack, S. Huang, and J. E. Smerdon, «Five Centuries of Climate Change in (335) 
Australia: The View from the Underground,» Journal of Quaternary Science, vol. 21 (2006), pp. 701-706. 
Nunn, Climate, Environment and Society in the Pacific during the Last Millennium. (336) 

D. C. Lund, «Gulf Stream Density Structure and Transport during the Past Millennium,» (337) 
Nature , vol. 444 (2006), pp. 601-604. 

D. Tyson [et al.], «The Little Ice Age and Medieval Warming in South Africa,» South (338) 
African Journal of Science, vol. 96 (2001), pp. 121-126. 
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1676 (Abraham Hondius) jJ j_a ^LaI^I <l)5JJl j JuJ .<1)^/1 

^y> j5> Cools'j .1 ^9 cj jj>- 5L*J Oj^jUaj Lwj? 

4-jL^J Jj>c-) 1814 _ 1813 j»U ^ *_il U>4 Jlp ^U; xJl>JI 


^wUL>- 1684 ^Ip ^9 oLwi)l Jj>- 5J o 15" jJj .^JwaJl 

d)i 1695 ^Lp ^9 5jL> ^j>&J 1 d)5j .ol j^jo j_L5 £_5_> 

.j»l*Jl /»Jg^oJ 5lJd5 ( ^jsjj t ^>Lxj 0^5 ^3 jjd_-vol ^jj>“Lw*> J5 J^ApI 


^LsdaJ wL^>-^Jl jJ^ a<>.1 1 ^5jJ 1 ^J5*9 d)5^ c w\JL)l 5 Lo~<a> 


(339). 


<Lw»» 


iUl 


J15 l)1 jjLs' £_>5Jl cl) jji] 1 oLlwij ^9 1 ^_~*_>^9 

4^9 J.L) ] Ow5\^vwoJl 4^9 JJ_) <9*^54 4_Lv<2j wLa j.yfl-91 ^A 4_9L^o-i 5a j_) ^jJLo 

J-*^-Jl (jLo-5l ^3 (1)^jj^l J-5-wvol ^a 1 (5^J .[oLiwoJl JJj>c_i 4^?lj>- jl^JaJl 
^ ^jJi^- Jjjjj) llLLSUl ^ijljj jjiji^j (Inuits) J^Li IjjJi55M 

^L>- <—■’jJw>cJl oL>cjL> IJlou (JjljjJl od_A O-^A-Sj .(j^a-5wi'yi L^jljj 

p^/j-a JL>_5I jlJl>- £-5 jJj .(Aberdeen) j_ojJ ^ ^^JLlL jjjJl 

.b^J>- wLflJl 5Lo~^>J 4^551^ 95.5 1 


c 1700j 1690 ^*Lp ( /^o jjL *Jl ^jjjl oLpU^JI c5i9 

^ (Tambora) Ij^olj jlS^j jU^iJl j . (340) 1816 j»ls> j 1725 j»U- oLpU^. 
jl^cjaj^yi .Lo-9L5j ^ 1815 ^Lp /d)5wu 10 ^9 L^wvwojw\J) 

<^1 j_^Jl ^9 1400 4_*5j j^oJl cl)l5j-Jl 4^5 cjLv!2Pj .1 850 J-*_i ^_^A_p 

(1)5 ^Jl jL>cj2j1 (1)5 J .^>-lj ^^o^Jw5 Jj^-Pj 1 ^X^^Jw5 6 ^ 1 1 ^)_P «LA^_9 45^ Ij 

Ijj^U <-_9d_i 60,000 jL>c_aj1 (J^5_> 

(Krakatao) jU51 ^5 l)5^j ^^Jlp ol ^ 5J_P 

^j^s5 ^9 (1)5^51 Ula jj\ iL^vwojjJ^fl j'y >*Jl 0-5*-^ . 1883 ^5 j^_*xJl 

jj>o ^wvjdlj ^5jJl }& j5^o ^Jww^L>c-oJ 1 o*(lr w *^H 

^JL>^ 5^ djlJLjJl ^woj>- Lo_^9 c ^5jJl ^9 j^>cJl d)55. 10,000 


P. Thoroddsen, The Climate of Iceland through one Thousand Years (Karymannaliofn: (339) 
Reykjavik (Vol. 1, 1916-1917; Vol. 2, 1908-1922). 

L. Ladurie and E. Laduries, Times of Feast, Times of Famine (New York: Noonday Press, (340) 
1971). 
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( j-wJ .d)Lwvo| 80,000 bJbbl ^3 oIpL^oJ \j bb j^I o-lisj 

jjLa j-L*S 2000 j_*_i ^1_p t oLxjLa o^3 0-Ai_>-l d)l 5 

j l La_>a^ 1 (Jj^.,1a J&j t 4_ y g _jE>cJwob' j^>cJl <2j b>-^)b o_>c_>j ^ alj (JLo_-a< 

f-bb^ <* _<> ^vg bo-5" .apIj^ (_5^° b^ j~ a '^ j (_5^I ^^-o~^c-)b 1^ 

. b>c^oJ I ^3 ^>xj2>3 j J+-/3 3 1817 — 1816 ^»Lp (^.iLp ^P *»_4-.yg lp^ .5^b 

* j. «J?„ ] I ^^_>c_>lj o J _5bJl ^ i2 a,/? ) ^_3 j_>Jl JJl^Jl jLjJ! *)Lo 

^-Ul jJl *L-Sbju J_-_^J| 4^.,yg-OJ>cJ 1 Cjl j-Jg-fiJl ( Jjb& ^ApJ ^ jJ>C-wvJlj 

C—3 ^Jl ciU^ ^3 (j ^T-SbJbJl (j ^jbjsJl j jj . Jj*}ba ^p -A-Jj>- ^jbLyi? ^3 bsAjI ai jj 
.<L4-s^b*Jl jb>c-Jlj C—&bJl ^-vwo-*xJl j-P (J. M. W. Turner) jjj jj ^JJbs 

OjL) oljJL3 »2b> t>bJ c^U ®4-3 (_b/ j»Lp» _) 1816 — 1815 f-bl-Jo c_3j_P J»JL) 

ojJLfjJl C-o2_bjl .<U_S"oJ_>eJLoJI obj'yjJl ^3 j-oj IwUS" Cboj-v^ 5 <-L> y^> 

^3 t boljJl o^uJl C—aIjIj .b>c«oJ I ^.Jg-*-^ jj /i)\jjyp>- ^3 t 

Cb-bbl ^j-vJg-^-P' /<_j| ^3 C C b^JLpI Cb>b-*P I ^J^^gb>c^oJl /^^o«j 

o^jj_Jlj wbJ-Jbll b>c^oJI bJL«lj *j*Jj-5b)lj bJj-v^biJlj bblkJ'j ojJJl 
br* c j i (_j^-bji ^Lobo-t^Ji ^5*cjbo-j^ 

(1) j_pbkJl ^ ^ 1? J <• b>c«oJ I ^ -y>J •b , ^J_^^J b^-A-J ^.sl (Jbo-J^ 

^ Lp c 4-^ob>- t (The Rev. Ezra) Ijj} 

/b)!jjjj>- ^b-*jL_3 O-J15"j c 1779 ^bp ojl^j>cJl oL>j^ 

<L> y*j* 2.6 _> t cb^-Sb^-S" ^3 ^j-A»b^3 ^^1 1816 

^_3 ^b_p ^j_il 1816 ^b_p jbS"j c 4 _Ljj. Jg. I' 1968 — 1780 3-b. ^ j-^ 3 

.\jJg <u5"^.Vl oJ->cJLoJI obb/jJl 


c jbwEsbj jj jj>- 4_> o^L>- ^bJl I ^yi yLc: JlyN L;jjjI OJLS' 

olj_L-^ O-j-b^lj / } 3jJg_owoJl o^jbJl oljJ-wJl OjJLS 

bi y>- j . bwvo ji ^3 <W?l5*oj to 4 ^ > "^J ^-A_P j <^l-bp b«jl o^jbJl 1817 — 1816 
J-WL-a y> yyjlyjl oyxjsj I5j-^>l ^1 LijjjI y> »yyJ' l«b» 

oJj>cJloJl ^Sbbo-oJ 1 ^3 Ojl j>x .Jl b>-Jg»-A» ^La .li^l jbbw^J ^Jl bJbo-Jo 

• bi.j-* 9 j*ji J-^ Jl J-^4^ jL^^I tiJLSo 


. UjJI ojJIo (341) 
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L y3JLi ya 


.oL>t3 ljjjjJ La y | 


( /^s oj_A oj_*Uol .1 j_5LU IIjLa^joI d— a11?1 LpUs-a 1816 ^Ip <JL*_lJI ^3 

c L>jjjl jp tJLo-Ji f-LjJl ^J^3j .1 j^LU ^x>JLp pLj cJj^ jlSo c JUlJI 

jJ j . 1832 ^Lp <l^5"3Jj>cJLoJI oL^ jJl <3 j-^j 

j»L*J C-4-w2_)l ^OJj-jLj 3>JjJJl» j_pLJLJ| 

t (. Frankenstein ) CL~iS\i o^w>o 1816 

jj\ \sj>- 0 jj-v? ljj_^lJ 0 L?.p' JJL) } 342 \Darkness) Jj^jL ^jlSj 

'ijy^ ^gJg-P' jaUa_>jl ^_> I ^ ^jLS"__/■* 

■cyjal ^1 ^oMl jUI ^lp <L>c_V?!j 


^_3 jl 4 _j ^jw^J I j L>e__jo 'y 1 oU_L>J <L-w^l 


c5>-' 


-U 


2r" 


.Jl j-s^2_*Jl ^3 3 j^Jl t^_^wvo LWLj aJLp oLLiJl 

^3 3jJ>- 1 ( Ju£-w»] IjJj yj oJ-LJL^ li 4_L?^^y>-l ^3 ol_>L*Jl C-*J>c-w^lj 

1625 ^-«Lp jL>t-^ , 'yi oLd_L>- c—Lo J-£j • [4^L^~jl)I ^-JaJLl' <^iia_LoJl 

.LjjJj La^IS" oj-woJL« ^-o-j oUU t LojJl jwLjjL^ ^3 1720j 

L^-xL*^ jU5L!l dj *)!I osy>- y* ^^2jLv2j>JI o3»a <zj jy& \^jjj 
. (344 )l720j 1700 ^Ip ^ 0 jZSSl I <b^T ^xj! ^JJl t (Stradivarius) 


I wbljj ^jL s^>-} ( JwwL>eJ 2r°J • < W2Jl>c^J JwLo ^OJIS" OjLJl ‘Osj'yi (Jt)L>“ 

(1)^jjJl t jjLS' ^j-vw«U>cJl (1)jJL)l JSljl M-AjjI ^3 L^Jg-j 


1 LJl>- aIs" jl 1 l^L»- c^jIj (342) 

^oJj^-J t j jj 1 -Li! 

y koS^a 

I jliJ t jl? Oj-bj t 4^j<l i)jJj 

t j-o-3 ^ 

jLgjJt) (lj 1 ^~<—-^^J 11 *l>- 

y ^.f : .< 3 . 1 glp JU-jJI j 
e-jjLJl 1 ^-aLwx! 

j jjJJ ^LiUI y 

I. D. Campbell and J. H. McAnrews, «Forest Disequilibrium Caused by Rapid Little Ice (343) 
Age Cooling,» Nature, vol. 366 (1993), pp. 336-338. 

L. Burckle, and H.Grissino-Mayer, «Stradivari, Violins, Tree Rings, and the Maunder (344) 
Minimum: A Hypothesis,» Dendrochronologicia, vol. 21 (2003), pp. 41-45. 
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^<L^lj.5 Ji\^3j L (lojJl jj J-y^ <• (J^LoJl (J w ^ wfcl ^-2Lp 

Lv^ ^3 ^LJ 6000 ^>5 ^5"! |*JLp L&l^>~l 

^ j-^kJl OwL>ljJj . 1967j 1400 ^sLp ( /^-o oj j^> ya 15" j^a\ (jLo_j>j l_>jjjl t '-J>3 
.(^J-Jj>eJ! <jL^j) 1850 aIp J-*j 1550 ^Lp <v2ji>t^oJl 


50 


(345) 


t - 


Lil 


0 ^-A' y 


Jj-v2_9 ^j-jJl cJaPj 


I^jLS" ^j^oLwaJI <1)1 ^j-a jJl ^_Lpj 0jJJjL«) 4 JL 0 J! 75 ^Jl 

AoL lg - j ^-Jl ^Jl I j^Ja-> t ^ -fl ->Lp y-Py 6 jW^' y 

f-Lo—^ ]g *ai^JLoJ 1 ‘LA-lg-La j 4JL$-)l 12 y*~ < ~- J j-% ^' Lo-Lo C 

c 1550j 1400 ^^3 I^j oUUl cj j_^Jg| L>^” .L*LoJ a^sL^ 

a j-^*Jl o j-^j ^-9 i '-s^ j L>c_>j c(*CLoJl ^_3 50 ( j-^> jJL51) ^j>-LjL« wLjIjJ iJljjfc oLS" 

.(hjjJl jJjjL*) Jjt+S* £jLJl (1) J%]\ 4jjj3 ^*Jl (J^^jj . 4 _v2jL>c1x>JI 

iJu^-p 2Jy>*J Ujj^p ojUl V1 (Avalanches) oML^J^/l J 2 n_^ 2 o 

^^p ^1 jJLjj alp ^_>jJl ^ t c>c^3wL3 ^p ^ y° <1)LjaJIj J-x>j>icJl 

^Jg-x^a C2oJj>~^ 1 0^^-v?JwoJI oLwoJl jl jJlAa’^1 

C ^jLjj^| jl^Lg-^l OjLJl 0 J^z}\ ^3 Ajj^y y~i\ ( J^l JL^- ^3 4^vwJ^Jl 

jJx^a .Jl ^jJl>JI ioJdLjl j 


(346) 


Olj-sJcJlj t J « * ■>,/? 11 ^^JlIJI j_v2_?J| ^_3 
Ja-^>c^Jl ^li oL-jJ 0 ^li!l 0 j_A olwL?- 

^ Li 0 L 0 5 


jl_S" c S^jL 0 j^3 d)| 

Jlg^ -i_3^ .<CL4 ^ai ^1 *cJ>-ljwoJl 
^13 OL^ijJj (. y-^ ^ dC Jj*}\^->^P Jj C LJLjil ^ ^ 

J_P I j-v^j (. ^_> j-*-^ j->cJ ^3 oL^*i jJj t^wvJJg'yi Ja^j>c^Jl (J LowJo ^ys ^g-c-Jl 

4 , 0 !j-^>cJl oLjISGI] oLoJL^Jlj y> c-Jl ojl y>-j <• IwCJ ji\j LJLoJl 

} \(Sulu Sea) jJ y~» y>*-> ^ (oLw<Jl ^3 4^iUgJl 45i_3oJl Sj^*_v 2 Jl <LoLjJI jl 
^cJg-^*i ojl y>- 2)1 (Sargasso Sea) Jl ^- >c - , 2^^° ^ cJljCo»Jl (_ 5 ^^ 


H. Neuberger, «Climate in Art,» Weather, vol. 25 (1970), pp. 46-56. (345) 

F. Dapples [et al.], «New Record of Holocene Landslide Activity in the Western and (346) 
Eastern Swiss Alps: Implication of Climate and Vegetation Changes,» Ecologae Geologicae Helvetiae, 
vol. 96 (2003), pp. 1-9. 

Y. Rosenthal, D.W. Oppo and B. K. Linsley, «The Amplitude and Phasing of Climate (347) 
Change during the Last Deglaciation in the Sulu Sea, Western Equatorial Pacific,» Geophysical 
Research Letters, vol. 30 (2003), doi, 10.1029/2002GL016612. 
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^ J*}\ Lo^J 4j yj* oJj>-lj Aj>- ^Jl jJ>cJ ^ol 


J15 


^ij , (348) ^i^i 
(350) olk-^Jlj 

.4_*_>j_^Jl A-J>-IjwoJl 


(349) 




JLj>-I ^_3 4_> jJLa 0 J-P-l j *Lj>-JwLj Li-ilj 

(Fjords) kij^]\ iSjVlj t ol^>*Jl oLw>Jl c~JiSlJ 

ol j*J*sS\ Jl J_v2_*j! ^3 ^LwoJl 

^wUij>cJl j. s^a^JJ jl5 4 j1 IjJLpj| ^3 <LuIS"jj oLa ji ol^oo oLojJ 

(JjJfi-k *■— J-^J *• 42L9ljJlj OjLJl CjI^ jjJl ( j-« ^J-P LJLj j_3l ^3 1 

yS cjLS" toOjb C-olS" LoJwoj . *^_31 j2j>cJ|j jUa^'yi 


<—&->- \j $ jj i is" 


(353) 


Li>yl 


^-o^j / i)\jjyp*- (IjjJ^jJ) ^ ^_3 dj|jL>cjij| 3 j_JLp iiLu* jlS” 

Ljjjl ( /y5\J ^Jj .^2.11 ^jJu>Jl j^2_*Jl ojj^ ^5 c 1784 j^_3 /1783 

ijLLA jl5 c 4j>*-JLLS' ciLju (^r° oUa^j 

oljU^Nl oJl* cJJL^Ij # <356X355X354)^.^, sL ^JJ ^^ 


L. D. Keigwin, «The Little Ice Age and Medieval Warm Period in the Saragasso Sea,» (348) 
Science, vol. 274 (1996), pp. 1503-1508. 

K. G. Jensen [et al.], «Diatom Evidence of Hydrographic Changes and Ice Conditions in (349) 
Igaliku Fjord, South Greenland, during the Past 1500 Years,» The Holocene (2004). 

S. J. Lassen [et al.], «Late-Holocene Atlantic Bottom-Water Variability in Igaliku Fjord, (350) 

South Greenland, Reconstructed from Foraminiferal Faunas,» The Holocene, vol. 14 (2004), pp. 165-171. 
J. M. Russell, D. Verschuren and H. Eggermont, «Spatial Complexity of «Little Ice Age» (351) 
Climate in East Africa: Sedimentary Records from Two Crater Lake Basins in Western Uganda,» The 
Holocene, vol. 17 (2007), pp. 183-193. 

J. M. Russell and T. C. Johnson, «Little Ice Age Drought in Equatorial Africa: (352) 
Intertropical Convergence Zone Migrations and El-Nino-Southern Oscillation Variations,» Geology, 
vol. 35(2007), pp. 21-24. 

P. J. Polisaar [et al.], «Solar Modulation of Little Ice Age Climate in the Tropical Andes,» (353) 
Proceedings of the National Academy of Sciences, vol. 103 (2006), pp. 8937-8942. 

J. Grattan, and D. J. Charman,» Non-Climatic Factors and the Environmental Impact of (354) 
Volcanic Volatiles: Implications of the Laki Fissure Eruption of AD 1783,» The Holocene, vol. 4 (1994), 

pp. 101-106. 

G. C. Jacoby, K. W.Workman and R. D. D’Arrigo, «Laki Eruption in 1783, Tree Rings, (355) 
and Disaster for Northwest Alaska Inuit,» Quaternary Science Reviews, vol. 18 (1999), pp. 1365-1371. 

T. Thordarson, and S. Self, «Atmospheric and Environmental Effects of the 1783-1784 (356) 

Laki Eruption: A Review and Reassessment,» Journal of Geophysical Research, vol. 108 (1999), 
doi:10.1029/2001JD002042. 
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oLJl 


dr* 


OLjJCw* Col ^L I <*t-> I Jj>“ ^ 1 ^jA 


jUa^jVl JjJg_A J^Lo-jIj ojl jSxl Jl ol>ji C-i-v^j jjj .LLLjLI ^_3 ( JcJl j-g-> 

^3 jIjlIJI cj>o jUa^Vl »w-~o ( J^*j>- i* 0 1783 ^Lp 5_oi*J I j-^p i^Ljj^j 

<j^ cJl jL> c -ji'yi oLlL>- c LjjjI Cols' j . JcJl £^ius 
^ 3 ! ^LjJl ^3 ^gjdl d)l lo-S” c ^3 Lis ^ L j^^aj ISLoL/l ^3 

5-o^*Jl Oj_»^>cJl C-L 1—1 j_o>- c ILLl 5 jL ^j-L<J! ^3 ^g-sLj 

-cl? 


( 357 ) 


J^-Lx ^jli- Ja—jJL<Jl ^ (Vermetid Reefs) JLjl-o i—<lj.s 

. CvgLj L_^j3 4_*_o2j (Jt)L>- ^gxLl Sjl Jp’- C>1>-j3 jL ‘L-l-Lvi? 

^3 LlLwow^S” cljliM ( Ju5Ljo ( j_>^_JL*Jl (j^JL) 1 jj>-lj! jlLojJl jJJjLj 5jjj 

. L11 tw-*d I 0 c& 

iwJgJLll <l)L5"j 11-L^“ ojL ^-cUJl j-o 2-^Ji LLlS*- -Li*!)L oj_p Cols' 

LoLi 1700j 1550 ^>sIp ^j_o j_>LLoj-p -cL>- LLj 3 LiS”j ,L*o ILL jC>cJI 

o_fl_wvg ojlj_>- C>L>-j3j iSloj3 OJ, ^ «a ^dl ^jos 4JLo—)l ^_3 8 3jo>- J- 3 

twLg-a.Il 1)15” c 1 -oJIp Lis' ^dgJl jo 2 _*Jl LI ^%-p^J l ^J-pj . 5_*_flJ 

twfl.o?jJl ^3 4_> ^*_c> ^*_o 2 Jl ^cigJl jo 2 _*Jl Lis' t dlL .LU- ^LtJl ^yjjj>cJl 

^Jg_*»jJl jj_o2_*Jl jl jC>- 1 ^j-o LLLoL/ 1 C-C-Ij .<c s i>j'yi 0 j_SLl jC>Ll 

LL>cCfc ^^i^Jl Jao>c-oJl uj-L>- ^3 1300 ^Lp ^Jlj->- j-J<-pgJl ^jJl>J 1 j-pg-^Jl 


(361). 


LlSLJl 3 -Xp ^3 ^/23lJj 0 jp^jbj cipL>^ c^-J c LpLc»I 

( /^-p a^ajj c^L^.i; ^5-wLl cLL>c-w*> ^jJl> 


L. Oman [et al.], «High-Latitude Eruptions Cast Shadow over the African Monsoon and (357) 

the Flow of the Nile,» Geophysical Research Letters, vol. 33 (2006), pp. L18711, doi: 10.1029/ 

2006GL027665. 

S. Silenzi, F. Antonioli, and R.Chemello, «A New Marker for Sea Surface Temperature (358) 

Trend during the Fast Centuries in Temperate Areas: Vermetid Reef,» Global and Planetary Change, 
vol. 40 (2005), pp. 105-114. 

1. Joughun [et al.], «Seasonal Speedup along the Western Flank of the Greenland Ice (359) 

Sheet,» Science, vol. 320 (2008), pp. 781-783. 

Nunn, Climate, Environment and Society in the Pacific during the Last Millennium. (360) 

Patrick D. Nunn, Vanished Islands and Hidden Continents of the Pacific (Honolulu: (361) 
University of Hawaii Press, 2009). 
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, . . -Mi /-Ann »«-? - | ... (364)(363)(362) . , 

oUUU y-A ' ^-P • <\j>-\^~Ay 

c (Cook’s Endeavours) Jj_5 ^1 (Nelson’s Victory) j_~JU jlyg x jl 


5ji I \Jj>- y* l Ij^Jl (Frigates) ^ ^olil^gJl j\ oUglij5!lj 

o^>c-wsJl ooJwo U5 .1 ^jS' oL-^ycoJlj 4jl&l>cJlj t^ljjJl 

(1)1 Oj-gJg|j gjg *A» 4 j>-j.5j J j_^Jl ojl^>- c J j^Jl ig_*-yg ( jP oLaji-3ca 

< m jL ^\^-*Jl l)lj c ^Ip i Jl ^3 Oj15 j-JLp £_>Lw*J| I) jjz ]I oLjwoLoJ 

.(1715 _ 1645) LJjJl jJJjU J oJla cJ15j t (365) ^wJl J, cJU 


^^-wJjgVi Ja-^>c-oJi (_j ^3 1)^^ji ^-y^ipvi d)i i*j>u> ^LiLp'yi (i)i5 
(jLowj5l 2005 ^Ip ^j-vJ^ 3 jlygpl ^JJcl>I JjAlp c ol_>-ljLa d*ol5^ .l _>^p 

c ^-JjJI ( j-a j*sS \J t Ij_& l)l5j .JUJj_Jlj lolw^J <~~>yj>- <*_-> y^j ^3^5Jl 

jlygp^/l (1)1 j^P . CO 2 5 <jl~o)/l C—*_> I*-C>JLw*w 4 <Lol*Jl j^p t_3jjJaJ 

l)jj . CO 2 —U ‘up Lx yg. 11 oUL*-o'yi ^Ju-_3 c 1842 ^Lp ^3 Cu> Ag- 
1850 flp J\ 1670 aIp y> S^JJJ Z£yJ\ 100,000 Jl ^SJLJl ^>LJl 

4-^3^jJl J-L^Jl 45 jZ) yA ( /^LwJ ( Jj>c-^» 900 ( 7jP Vlyg-S C oLajJ*_<J| ^j*a ojCU~a~Xi 
. 1840j 1780 ^Ip j-o la SyiJl cJap (East India Company) 

CL >yjj C JluJl ^lp) L^JIp Ij^J g-La ^jJL (1)1 I Sjt ^J5J ^j-Slo *JJ 

(j^iJl oLuJMJj oLjj^JLp (HMS Beagle) (Robert Fitzroy) 

J_L^Jlj ( ^JU-CJl (wJa5Jl ( /^-P Ol»ajjL*-a j (, (^/^jjjl^ jJjl5o ^a jZZS' ^-w»»ljJl 
(Horatio (I) y^\jy& j) Jg_*^ijJL<Jl ^g-o'yi ^>cJl^ 4»o A^3 ^*^J| 

(^15JI) (^^l^Jl -k-w>^<Jl j_p oLaj-U-aj Nelson Voyages) 


D. Wheeler, «The Weather of the European Atlantic Seabord during October, 1805: An (362) 
Exercise in Historical Climatology,» Climate Change, vol. 48 (2001), pp. 361-365. 

S. D. Woodruff [et al.], «Early Ship Observational Data and ICO ADS,» Climate Change, (363) 
vol. 73 (2005), pp. 169-194. 

R. Garcia-Herrera [et al.], «CLIWOC: A Climatological Database for the World’s Oceans (364) 
1750-1854 ,» Climate Change, vol. 73 (2005), pp. 1-12. 

<Lo y- • tCUlSIOl?) 

D. Wheeler and J. Suarez-Dominguez, «Climatic Reconstructions for the Northeast (365) 
Atlantic Region AD 1685-1700: A New Source of Evidence from Naval Logbooks,» The Holocene, 
vol. 16 (2006), pp. 39-49. 
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c_3jjJaJl O j^xjj c LwoJlpj c LadP j^*^aJl ^wLJj>cJl j^a.*Jl 2)15 
^j>-ljwoJl Jl 1 iJJol -Lsj .iaJLs ^_>JJLp (JtA->- ^jUJl c_i_ jkJUl 

^^3 Ol^daJl 3j_;l d-JlS\_3 C ^-^wo-JLII iaLldJl ^^3 Cjlj-Jdj IjjJI 

- ^i.** -1^-1' ^J-*/2 j 2JI jiajl) L^^«so 4j a .„...^j ^^*P »»5I c—o 15 L/oJ-*P I I 

^3 l-yg.sljJJ t Ljj^s J t tOlpl>-a j-^-ya. 11 ^_£wdL>cJl j_v2_*_)1 i^J^*- 

4^»Ua^Jl jj.va.^J'j 5 ^J^*3 5AJj5j .LpLd>-l l5s5CaJj l>j y>~j t2)2^**Jl 3dP 

^j_o 0 (_fiJ^l ^j»d»*Jl (JtAi>- bjjjl ^3 AitAp’ iild&j .aJ 13 t AjLLw*Jl 

jb ojjUl ii-jSlU , (367)(366) oL^_yuJl J ojUl ^JikJlj tcJoJl J^dl 

.^L^l (l)l5^*Jl 3dP ^^23ljJj C »._->J^J>cJlj t twd*Jb 

(^U-l Jl 1850) j-^Jl 0 jti\ >-1 jl jl J^\ 

jl^d>-l 0 j ^£dl J-ij .j^*_vaJl ^J-Jl^xJI j-s/ 2_*J| ^aj'yI ^3L*Jo 

^JL*Jl (1)^Jjjl >'j' jl A^o-ip 102 _J ^JwJ»>cj 2)I 

d-J 15 Ulp j^o>- djJdsl j5sjI d4 J^3 2)1 oU jjJl AjdJl ^3 78 2)1 

(1)jJjJl 2)1 ^^J-P d->L4j3 d^-yg-j jjj .^j_>j_lL*Jl (1)j_dJl ^3 0 jJL9 ^1 li^l 

(1)^JL)1 2 ^ cJ^'yi I*—wv^jiJl d->L-w^lj3 £_>jl dw4 *• 153*^1 0 ^5-Jl 2)15 ^j_>^_2L_*_)1 
li^l 0 jldpL C <4j_^J 1 ^3 CO 2 -Jl 1 j-d5 (jLwvU^fl (d-*-o (1)1 ^Ju*3 t j-lL*J 1 

1 J* 1 ( /j_>^5L*Jl (1) C dip J . ( /j_> 1 (1) J-^Jl aJ^>- 

• c5^Lp ^p 

^3 JL>J1 L>-5” (. do 111 1 jl ^>“^1 ( /js 0 ^^^Jl (1) 1 >'j' (^ 

JaL^jJl ^3 j*j*s]\ jJ* -iijj>c_x>Jl 2)1 ^JjNwLJI .iLfljLw** *tJ>-lds d^l 

2)15 .a5jL-*i <d>-ld5 djl j^Z JL>JI j_a L<>5 c (i55lxJl ( J^ajiJl j2a_>l) ^>^<>-dJl 
c 1976 _ 1940 ^Lp ^ 3lyolj c 1940 ^Lp ^1 1850 ^Lp ^ jl y^\ 5Ld^ 
. 1998 flp Jdo 3l yz\ J c 1998 _ 1976 ^ jl^1 oM; 

d4 j-^xJ j ^ la 7 c dl_Ad>j jJuJlJ 1—^>-j-^S'j'yij ^jjldJl (1)| 

D. D. Zhang, «Global Climate Change, War, and Population Decline in Recent History,» (366) 
Proceedings of the National Academy of Sciences, vol. 4 (2007), pp. 19214-19219. 

R. S. J. Tol, «Climate Change and Violent Conflict in Europe over the Last Millennium,» (367) 

(2008) <http://ideas.repec.Org/p/sgc/wpaper/154.html>. 
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o!Id)jj ^»Lp 130,000 —ll ^LwoJl ^ aj 

( Jj S yjJl (1)1 Lo-S" .A*j J+J4 Ol 0 j_& .iL^^>-JL)l OljjjJl ^yi\y^aj i£jj^ 
0 542 L>>A>cJl oL^Jl jL>c_ajI JJw aj .L2?_ji aJ-aJjs Lj>- 

Lyg-j' li^lj 3^jI d-oLS" 4d>jjl iildA tdoLS" c (^»Lp 

d)l^ .(j'yi ^_LpI (_£^_>c_]| CO 2 2)LS" ddsj! 

La J2_P dwi’LoJl c_3^l C-5^i ^J-^-P ^-*-*/2 j ( ^^ 3 oLuLi ^J-P dda A^i>-LwoJl 

C2—Lo->jj .^j^I jl ^U a^_jL2L>j aJ jl js>- d^L >-j^j CO 2 oL jJl^j ojLS" 
cj J_*^3 ^ja>cJI CO 2 ^LiJjlj l ^3 ajj_>cJ| SjI^j>cJI oL>-j3 ^3 djI^LjJl 

j\ I 4 J <jjJ A_»^fJl Jw^l^sJl ^Jl] (Weathering) 

[^jL^^SsJIj ^*^JaJl jj aj^JJ-> tj a^Uoj L^_I5wi jl jJ 
d)3L*_^Jl i3*A.^X«w*>i ^>s -L> Jj SJuljJdJl a_j^_>cJlJ|j ^Jg_^j ^i_P 

.(a_*J»*j A*_^-Ij Ajd*j) CO 2 ^[^3^ (^LLL^ C C02^ H 2 O _U 

jl V y> ^LJl ^J\ 'csjol 

Aj j3 oJ^jj Aj jJLa Aj>-j 3 1.5 ^jja jlS^l <di>-Lw<>Jl A^jL*^>eJ| (jli t ^3>-jJj-J>- 

/ ^A~vgL>Jl j»lp JjJjj 420 Jl (JtA->- ^Ljj ^ 


j^PS' ^3 A*j 0 J-^S" A^i>-Lwa ol j*xj 23Ll& 


jlS <1)L tJI^LP^/I lili 


jli 


‘Cr 


23jj>cj>Jl 2)1 ( /^5 Co-j ^ CO 2 J oLwvu^/l 

I 3 J-P jl J-^~\ (1)1 dl_Aj^3 cilJjJ 0 J_ yg_X-J>J i (1)|j .^IjwoJl 

<Lo A3 Q 2 JIJ C dj| J^xli L^J->a C ^IjwoJ I J^X J 23 ^- >C - J d3 LJ 'y I 

(jls t t2-U3^" JUJl oj 15" \s\j .AjjlwLoJlj a^2>jVI d->L_L^Jl j i ^l-pL*_2JI 
(1)j-5vj ^jJ ^LwJl j^xJ Sdj>cJLoJl ^->*1^3 dJjjJl Ajj>c_Ul IPCC —U 

* ^ 

(369).. 


AjLlS" Jl^xj (1)1 A3j jX^a j-^P dw^-LP A_EjJ Ij_A J_*jJ 

^Jl Jjl^J>-|^ (3 j*X+/9^\ ^^LJl>J| j^2X Ji Ai'jU C ^IjwoJi c-w*> 

Jj> jJl iijj>cj>Jl CO 2 2)1 0 jd*JJ Al> 


D. L. Royer, R. A. Berner and J. Park, «Climate Sensitivity Constrained by C02 (368) 
Concentrations Over the Past 420 Million Years,» Nature, vol. 446 (2007), pp. 530-532. 

M. E. Mann, R. S. Bradley and M. K. Hughes, «Global-Scale Temperature Patterns and (369) 
Climate Forcing Over the Past Six Centuries ,» Nature, vol. 392 (1998), pp. 779-787. 
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( 370 ) 


jJj)«U AljyJaJl 


jyvg_*Jl J C LaJJg_aJl jyvJ2_*J I jJ^lj Jj-J N 

d)} LLliJl AjjiajJl ypJJ yJI oljly>Jl ciUj j-^*-vgJl yJ»Jj>Jl j ^ 2 ^]\j (. ^\a ^>jJ 1 
jlyc-l y. lii* yS'S/l oli-LcJl j! dili .J>j£}\ jly™< jy oLJ)M 

cl)} .^U-P-U-yaJi CO 2 oUL*_olj a/?.J 1 ( Jy o.5y>-ya Col£" y>yjL*Jl d)yJI y>-ljl 
ya L*_^-lj oL~L*J ^a y yLJl JgLLJL Jg-AS Jg-o jA yLCoJl j^xj d)} aLLLJI 0 j5LJ I 
.yjjjJlj CC»JwL>cJl yLwoJJ yJgli>- j .ig.^^; y& 4_3j oLL^J ' j y>Jl 

j->Jl (CO 2 ) jU y ^ca^-JJg dJ j-^x —1 <lS" y>e_> ^-d’La-^Jl yLCoJl d)| (JyLJlj 

4JolcS" ^L*_> ^jjbJl d)l jC-oj .LlCP L/I .5y>c_^J 0 4 Cwo-l_P ^_^P dJy2_9 iwJJgCj 
Jt)L>- yLc^Jl oljj^ Lca^- La LaLo-j I J_&j ^ 4_*_c^jo <^jL^oV ^Lp ^JlJLaIo 


(371) 


wUl {.Ip 2000 Jl 


(*) 


(»—'j y* 


ya ^y?j^yi ojly>- CC>L>“j^ yy LjI <Lda c_Jj^L) 

jj_v 2_>J| jly>“l ojly>Jl ol> j J-Jj>Jl eJj *. yjjwwJl jL>c_Ja'yi 0 LJ 0 - J>LL- 

y>yiJl c y>yL*Jl d)yil y-ljl jly^lj <• y^-s^Jl yJ~%L>Jl y/g_*Jlj <. ^]g-wayll 

.1996 (.dp L^LJI yLUJ yry 1PCC J yli!I 
^Lp LjlpLaJ yJl ^J^ly*Jl J L>ol LjJL -L* Lul ya ^_p ^Jl ^_L pj 

Ojly>Jl oL-ji oL-aLJ ^a (wUJj>J| e_J tJ LyVl y>-> ojly>Jl Lsyea 

. yojLJl ya oLi^P La jJ LJ y*J J-43 C (cC>LaL_Jl 0 J-& ^^>-j) 

(International Panel Of Climate Change yyJ t ol jC*Al wL*_J J 

yp <LwgL>Jl e_Jj^l yJwwJJ LaLo-> LJjC>c-a L 0 L 0 Lo-waj yLwoJl j*~x~> yp (1PCC)) 

yjJj>Jl j^/2_*J|j jJ I j J_v2_*j| jl y^-l J->^° yj jij .ygj'yi Ojl y>“ ol> j^ 

La j 1915 jl yc^l Jlp ywgjl Ji y5”yJl LLS” Uy ^ ^yL^Jl y^»jJl y j-y-A /g -11 
4jw<wgj La J C ^lj ^y j-« ^ C_ 5 ^" yf!l Lyg-p t C-Lo yJJl ywa jJl I-L^j d)Uj .oJ-*_! 

Lai .yC-./g-JI d)L5" tyj^Lw^Jl d)yJI 4_*_>j_^Jl ojly>Jl ol>j^ ^LjJjI d)l 


dj>s_v3jll doLL>tll y« ^LvJ-»ai iJU_& c ^ <Us^j jp 4_L>15'j a^sa>Cjjl« cioC(370) 

<http://www.climateaudit.org>. jj^SLNl ^5jil 

R. S. Bradley, «Climate in Medieval Time,» Science, vol. 302 (2003), pp. 404-405. (371) 

1PCC Second Assessment Summary of Policymakers : j'y*o 5yJ y*-*^ IPCC <GyJ jLj (*:!:-) 
in 1996. 
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L./g-p)) 0-3 wAj>- JJ 23 ^LJl IPCC ^LloJI j«^xjlJ 3j^>cJLoJI ^ o ^l ajl^a 

■jr~^ ji ‘jj- 5 ^-*^1 


1998 aU Ul_^ 


I u_a ^ ^j CJ I ^ I l - <o p n j o | 

(372) 


^'J- 5 u-° 

£yJ*J J.5 JujJ j jU jli’j , (372) oj*>l aJj (Michael Mann) jL= J^SCL= 

^j-w*i ^3 .^^JLxJl jalJLoJlj 4 Ja_>Jlj cojjJl oLa aJ CU.-i_>t3 

. IPCC ^3 loli la}y IaJ-Xj 4 A^ojp Ajj^jJ Ij^>C^J 4 0^5wj 

ajlLj3 ^jJ_>cJ! y*J .^j\>P^M ( J^<3 j-' 0 ^ tAia_> (1)Co |j_Ss_Aj 

oLaJu^ oULo 1980j 1000 ^-«Lp SjJLisJl ^3 jL ( Jw^*-xjlL jJLs . L j_JLj 

AXsIwUl A^j^l ^3 jLt^Vl jl i > J^J^i .Ojl^lp jJ~L” jLc-J^Vl 

d->L>-j3 jU^I d^ljLo I .OjLJl 4_L4j*yi ya ^ji"| A_P j^~-> 

jli"j . 1908 ^Lp J_x_i 0 jZJi]\ aL g-xjJ 4 4—L)Jw£ J^L* ^3 ^JiLlo 4 ojl^>cJl 

^_3jJ j/ l yg3L» j . ^ A/g 11 ^J-Jl^Jl j_v2_*_)!j ^ jg *A>jJl j j_yg_xJ 1 jljJLg-l ^_3b-g>- 

^p L^j! ^*>La>I ^Ap 4jb3b_>- 42 JJ 3 1a^oLxJI d->Lw^l 4 u_>tjjLJ 1 <2j I 

2.3.3 ^Jg.A^Ji) 2001 p ^LoJl IPCC jijA -> jlij . jL 4 Ua»Ij3 l y ajjJ-x_^j 
O^J^jJI jj_v2-*Jl ^Jji jl^l»j (( ^-^ ^Jjbr- ^p» 23 La jli” Jj*» 

\jj>- AjlLig CjI^«_xJu ^_x_y 2 _j| ^J-Jj>cJl j ^Jg-wojJl jj_y 2 _xJl jl^ 2 >-l 3wXg- jJ 

^Ul 3 i^UJl t L^-^< jl CUp- j^lj jLw> ^JLLlL* ^3 Ja_fl3 Co-b- 




OJJ 


JJl 


Cs* 


t^_3jJl c jJ3 4 C-w23jJ ^L5^"l-yg-P^ wLflj jj3 IPCC CuLs 

IaSv-Aj .^_i_v2Jl ^ J-J^fcJl J^2^]\j ^gjg..w» jJl j jl ^^>“1 A^o-l^Jl oU jjJl 

j*./3,xS 1 ^jJzj3J>- Li” .^IpJ j\J olpj^a jli Jjl3 4 jJl J1 jl^y^l 4_3L>- 

ol j^> J^Ij ^>1J . ^ A ,<^2 a ^ -Oi ) 1 ^ A^o^_^s31 O^j^wbU ( ^ ^^-P 9 0 ) 1 ^ ^ wbj>^*c—11 

j-s/2-xJ 1 ^3 3 oIpL>^J 1 jl 3 ^-Jl t^y* 1 j^L 3Jl ^-oLJl y~i jL 

^-i ^ C-h l ^ _) . C 3 l l 0 1-bA w\_X_J ^ l ^ jJ ^3 IjjLi l l 

A_j j^Jgl J-3 j . ( /^_)j_L_xJl jjiJl aJ 4 jiljwA jli" 4 l_jlJ-^>“1 jl IPCC 

<>r j./g Jl ^ (( ,_ r S’ J^Jl l ./3 P» IPCC . ((^ J^JI l ya C-)> 


M. E. Mann, R. S. Bradley and M. K. Hughes, «Global-Scale Temperature Patterns and (372) 
Climate Forcing over the Past Six Centuries,® Nature, vol. 392 (199S), pp. 779-787. 

The Journal of Climate. (373 ) 
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jJ-oj i, a.ygj ^>-1 £-31 j-* ^3 4j 0-L*Oj cOlj>s £^j! A^LwwmJ! ^*bLo 

d)L>J w ^j-^-il L>/?.p)) d)l j5"j->j *^(_5^"Lo-*-^ ojil IPCC ol L>c_v?lj 

. a^S jsj* S I Aja j 5 vj > cJJ yd ^s l^j jJ 



jj. va *.)! jlyL>-l Jb>c-%*J V ^jJI (( l^*U^ p ))j jLj (^J-pVI jL-JI jJ!) i 11 JbiwJI 
\ j!jO>-! 4J 1 ^p (1850 _ 1300) ^JL*aJ! ^JLU-I Vj (1280 - 900) 

oJVI o!yoJJ oj !jiA oL>j: ^jjlJ j^Ja-> i (iJJ jJ L,<a,«,2,>j . j yU! bj>-L<Lo 

^JLii-l JuJuiJl 3 ^J!j a—-y!l jj^a^Jl j!yp-l oL-»j!jJl olo yj JUoJ > l Oyali! 

LsAP» yisJ j jji Jl jl J^AJ (*^jj-!a j>Ju ^1 4j-ib oL*a_«J ^a) j-jJt^aJ! 

jL-J ^3 cdLL>-l 1oil! 4 ajLJ! oLdj jJ! y« olo <la 3!jli <uoLJ! ((^S” 

. IPCC <byd! ygJ! Ls<ap)) cJlS’j .l^i*>\i>-l 

oL^dcjo'yIj o j_j j^>eJI ollLwJl d)l ^3 ^yL*Jl 4_^>c_£0 
Lyg-3^3 ^^5"j-$-^l l.«✓?-£• )) _) ^LJl ,*_*»jJl d)LS"j • y jl ^yddj oL*Jj t L> jJL 
^_3 j .«_w-J' ^_A^" I C-*> I ^ w\_] I c_3yJ I ^1^^ 0 I ^\_1 

OL^ jJJ i A_) J-J->eJl OL^a> jJLoJlj C oUa-b>c_x>JlJ jt^lj C ol ^J>e-Jl J C J-Jb>cJl 


.2000 4i*>l^>-lj ^Lll j~*A OalSvJl oU-JJ ^ yl?jJl yjJdl (374) 


121 


























^Jl ^Jlj <• ( /^S"lj^Jlj *• ^j^lj <• j->c-Jl ^Jg-^a jJLws^a oLLoJ C OLLv^j3-II 

ipljjJlj t c^4_g_S\Jl oLwo jjj (. C—>cJl J t ^IJaJl jLpj C jJ LtjJIj cjLa^Jl 

L>- iJl^A j^SL c 4 _>^Lp jsS* c^L^Lcj_~al ^jo Lajc_*_9 . 0 ojL>c_~Jlj 

• L^o-P-XJ 4 j.^Lp ^»P '■—■"’ILLo 


(375) 


pU>)I Jlp ;lo 


I C jLa ‘C-alj.i ^3 LaLoJ ( Juv 2 J>- La I i_& 


cr°jjj (Steven McIntyre) jAi^S\^ 


t Lp-ft j— *— > w \ ■» ^ ^ i_) I 1 -Xj^ 


.a^Ij^ ^p-G aJ^^I oLLJl jLa ^a Lit t (Ross McKitrick) jL^uS'La 
iiLp^M i! jL>^a j t ( /^a j-~^> .cjLw^a'yi ^jLx3 L> Lg-^_ja jU-S jlSj 

<uiv^^l oLLJl o-a-ti .j .jJcJL oLLJl cOa-xS cajj^JI jLo <~Jl L>- e-L o- j/ L 

^_3 <oL<»-P ^_Aj tioLp^flj J-JLJl ^*L)L>tJ Lg_)L> LgJ ^>w\_ 3 jl wL*_i 

cJLoJl j*y ji jo jl c Lo^-jU (. o>lJJJl ^^_Lp jLS” j .JwO-SJJl t^^_L*Jl 

^_Lp (J^_v 2 j>cJI j^_^_j ^ .jLa ^_pw\J ^S"^^JljwX^Jl 

^ y>-\ a-JLaj oLt-L-a oj_5L>cJ! L^o-pJJ I j->L>c_j *)AJ oLLwJl 

. L^x>«a 

( Nature ) Ai>os ^3 aJ jLajj jLa iijjJ j-a t_£l ‘*—-itj All L>c_olj IAj 

o> J-Z^i LJ dU ^_Ls c JJp A3 j^J l L^Jp zz~Zs I oJyg'yi o>lJLJl 

c-oLS" jj j^LcJl jlSLa j_a I J& ^j^Jj .aLoSJ oLLo 

<Ll j-^p Lj jj-XJl O-jLS" L)| jl <. jj jS >cjJl ^Ljj ^3 iJj LiiJ 

^j-P A^_i L^vJl 4-woJ-^Jl OL-aljjJl ^j-a <_3 jJ I v_3 J^}j Lj^Lp j-^P OL^LejX^a^y (^J>tJ 

<lJ yju>- J_3 cl) L)i J—-^-«/g-l 1 ^i_>c_]| j-yg-^Jl J ^Ja--wa jJl J j-y2-^J 1 jl j_1j>-| 

f-y>xS 4»JjVl oLL^Jlj oLLJl bji jl LfJj^>ea0j 4i>e-gJJ ^^*J>-I^>Jl 

jila^Jl ^^o-LJl .sL^I^-'yi jys 


: sLpjuJI gjlrJL 


->L j La oLL> jl jt yzS\^j ^jLi»5"La c_iji5"l 

oLLJ Sjj^<Jl j+s* oUl yzzS^i I j oL>-LcjLwa^! Ij t^Lk>-Vl 




^Lw>sJlj c <u_$ljJt_>sJl ^Jlj-Jl ^lia-2>-lj c 4 -o-jJJL lI oLLwJl j tj-Lva-oJl 
. .0^^^^1 jr° ^OLi'j-g-U ^J>waJl 


S. McIntyre and R. McKitrick, «Corrections to the Mann et al. Proxy Data Base and (375) 
Northern Hemisphere Temperature Series, 1998 ,» Energy and Environment, vol. 14 (2003), pp. 751-771. 
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a_>j y>^ ol^LS" 2001 2 )LoJ ^LJl jJl 1PCC c2J_$-*jl^1 aSj 13«& 

|j-jj ‘ o~i j-*-~-*Jl 0 j2lJl l*t_> ^J.Jl ^_> j_S2Jl jl j-L>-'yi 2)1 jl^J 

2)j 3 ( j-« o-)l5 ((^5j_g_)l Lv2_p® ! *LlJ 1 ^Jl oL« olJLo 2)1 L>c-v^lj 

^3 o^jLlJI ^jiSvj L* <l)jjjj>c^<Jlj 2 )^*_p-l^<>Jlj 2 )jjUjpJl c y-*~° 

.l^LUoj A3jjJl o5-& A*^>lj3 


(Me t2-L^x^S"l»j (McIntyre) L« y^ c a^jL 2)2^ olJLu <JLo-*jl^2jj 

2)^iJl ^ jl (j\ (3j-jL jJlp 2)jJLil JJljl ^ jl2)1 Kitrick) 

oLlU- oULJ 1 j~~> cJg-pl jJ 2)1* 4-w*lj3 2)1 2)2^>JL*Jl 2)13»& j^b\j •yt j-~L*Jl 

1.Lu jjjUIS ^5 I^LLj 1 JLj>- y» o3^p-Ul ^jj^JL*Jl 2)^JiJl j2>c_dM 
4j>~\zj* d-olS" yz] 1 0 jl j >cJl oULli 2 )j2aJ L^iSsJj c 2)j^>-1 ( j^?2>c^ii! ollLJl 0 J-& 
jL>c_j^'yi c2o2S"j .^Lj^jwLa ^3 ©jl^->- d->Lw*>Lwij Cojj_3 Lo-j| <. A-iLlaj-xJ 1 dUjJ 

t aJ 2 *J 1 (w^-L^Vl jJjJw^Jl j 2 >t-J*l y*J t j-oJl A^Jajj t *Loj J3 A^lj-Jl ^3 1 

<lj 1 -tJL]j .^Ijw^Jl djLw^ljjJ aJ2ls ^^3 t ^»2 p 5000 y+*xj 2)1 y^-y. ^_^Jl 

jL>c_j^I ^3 (2^_>c-Jl 2)L« j»3j . 1910 ^Lp J-*_> 2Ja-«-JLj 1 j_o-> jL>c_J^ s yi o3_& 

J.S2Jj . 1910 ^Lp o!j_> ojlj->cJl 2)1 2)J-cJ ^_L&'yi j_;jJw2Jl 

^Lp jL>c_JiVl j-oj d->I aL>- 2)1 -J 2 J 13 j^jg) l^Ju>-x^l ^1 aJ-s^ 5 ^! aSjjJI 

<Zj 12Lo ^j-Ju ^j_5s-o-> ^ aJI d3 j-^Jg 1 ^Jwj C j j_>tj l^JL o-*JL^a> 1 c_^_>cj 5jljJ>cJl <Aj>-j3 

1 j^J j-fia 2 (Bristlecone) (^Ju^l) y^y^.W j>^> y* y^ 3 ollb- 
2)2« J3j .4»^o^l3| jl aJj>c>j ojl^y>- 1910 lJg->.*.X.j 

^-LaVI j.^.^,11 y* ^jjJl jL>^1 2)1 ^3 Ja-^jJl ^ojJl 

^ ^*Jl Jg^Jgj>- (_£- 2 p ^Lijj'yi JJwP Aj^v 2 _>cJl^ Aj^J l y*^-* 

jL>c-jol A-^lj3 0 j-^3 0 5w& c-jLS* j . CO 2 Jl Cl3LL>cJL^l ^bJl) 

wLojl^I ^_^Jl ^Jl 2)1 l-^ j ^ 1 0 ^^jjJl 0 j»& aJ^j2j 2)1 2)U ^^o-> . jj^jwvsJl 

. 1910 ^Lp J-*j ojl^>Jl a^>-j3 ^Lijjl AjwLgJl oUUl 

‘uJ^wUl aJULo 2)J c-3 ,jlpI 


v2_j ^ 2)L» jJ— v^l 


D. A. Graybill and S. B. Idso, «Detecting the Aerial Fertilization Affect of Atmospheric (376) 
CO 2 Enrichment in Tree Ring Chronologies,» Global Biogeochemical Cycles, vol. 7 (1993), pp. 81-95. 
M. Mann, R. S. Bradley and M. K. Hughes, «Corrigendum: Global-Scale Temperature (377) 
Patterns and Climate Forcing Over the Past Six Centuries,» Nature, vol. 430 (2004), p. 105. 
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/». ^ >c_jL d yy1 ^ V1 ol_A cl^ 5 W (Jl _y~^ .g-Lla—>•Jl1 ( y3-*-> dJ^_d>-l 

jl t <*_a-l^> ^*J La) ( J^>»P lwd*-w*> (1)15 J)La d)l ll^j . J^3 ojjddoJl 

01 g-Lv?->-Jl 0 5 Lyfl-oJ 1 llLildoJl ^J-P U^~*~ . Lla- ^J_p <Jl <_(1)15 

^J-p (1)15 <JI Sj5j» <JLjJa_> ^jJ-plj c l$J J_*2doj ^»^p ^ ^5ljd5Laj j_>Ld5La)) 

<p j^s>x-aj l 1J-& jjjS^/2 .Jl jj>*s> £\y y*^ d)l <111)1 1-1 1 ^ jJa_> ^*J^ . v—4 

.Ojl^>eJl 4j>-jwL> <SjLp L^J ((^^-$-)l Ls^p)) J dwd>^Jl <jLLo 

lll-a <Jl*>j IPCC <il>-*jd>l ^5Jl (yt—Jl t*ap» j ^ Jjj Jl) 

J J. yg, *J1 jl jJL^l ( dJJ ^J) l^Lo?) IPCC jJjJU j-^Jglj .JJ_^oO>Jl ^J) 1wL^“ 
^JL> d)LoJ ((^5j_fJl Lyg-p)) dJ~o-*dl_j . j^-*-*■/£ 11 ^aJl>J 1 ^_v2_*Jl^ ^Jl 
^oJl>JI ^l*JIj J^jJl jl_^l cJJb- -by (378) 2001 aU ^ IPCC 

jJl jj_o2_*Jl _jlj2o>-l j).^ Ja J—^pI^ . <jo Jo>cJl <2j Li>-Ld>J 1 yy*-> y^ 3 ^-l_o2Jl 

.JUl IPCC jl> ^3 dialp <1jiaj ^l-vll ^JJl>J| j-v2^Jlj 


IPCC jl ^aJll 11 a 


c^ 


(1) 1 ^ C <_>cJ Lo? ^-»_P ^ ^5 ^ 11 l .yg, P )) (1) I d% 

dil> ojLd* «^5j-^Jl Ls^2_p)) dJ-*-*jd*l ^jJl c IPCC _JJ j-aj-a ^o>di 11 a 
(A 1 Gore) j^p (Jl JI^jJIj <• (JloJIl ^JJl ^IdJl j**.J ys* dalJjLpJI 

^3j do^oJM £_i 1 y» ^Lpj C dlwJLslll y> cillS" ^Jw<>^)do (Jl y *)} j C 4l>^)do 
jJ«J\ JaL^jJl iw^vj Ijl^d>-l ^JL*Jl Jl (Jj-PJb ( /^_>ll dUjI ol j 

j>Lp Jl^. 9 oULJl l)J ^yLJl jJl 11 a Ojy ^Ul ^'Jj.A 

Jo>j oJ^-lj <aaLwZ> yy~'•& o(_5^ £ '-^ d do5 1421 

4j| 4yjHJ ( /JpIj t dl^i5lj ^jld5U <uL>lo>-j <jljLo (JU ^J 

a^oLo ^^Jlp ^JJl (Algorithm) ^djjJJJ/1 ^ U5 ^Jlp o^SC jJ oi 

. 0jL>dl AdAj ^4iUaJl d—o d>cJ ^UdAl t,_>1>- Lo I5aj .dJa-^l jj 

<1111 oULp^L 1 ll^jLd51 d>J/Hs IajLo2pI I yj 


<^cJLo (Jlj 


LoJ <dA5L*_^ doLyg-^ ' 


& 


U 


(JL« Jl 


joj L^J j5s_i <ij j_*-oJl c o-l-^J/l y j. )> a./?, 11 ^L>c_dl ( j->s d^loll>- j_P 


IPCC Climate Change: The Scientific Basis (2001), figure 2.20. (378) 

U. S. National Assessment of the Potential Consequences of Climate i ! y Jj*^' ®j j-ozJl cdl5 (379) 
Variability (2000). 

< http://energycommerce.house.gov/108/home/07142006_Wegman_fact_sheet.pdf>. (380) 
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d)La aJj^I 2005 /d)l jij^~ 1 .ojlj-^c-il a^-jw\J ^-*>1-55 ki^ 1 

^j_Pj c dglfrlyg 3»-^/1 ^fl-x-j ^j-a Jj-d-g-cdJl J^>- <• Ij_S"^JLdl (^5Jl ^j-^jJj-oJ 1J 

^j_P lLUwL 5 d)L>J l^-ll—w»»^ .AJd»*ilj3 ^_3 4_*a I (^^-L-k^l j-> j}. 1 .yg, J1 ^)Lj>c—^A il 

4— J 5oJ I <—) I 3 L^jlp 'll I a^L^-5 a_Ll^*> I 1Loj L^«5 c *Jn-oj I 5J I 'll I 

^_3 Lw>Lp L* j->c-& 5 U 3 j .4_^>!jw\Jl oi-& ^3 d-JwOw*jL^iI ^dil 4_J!jj_jaJ! 


c cllta 


4_oJw*JLo 4_>c_) 


L5 .oi jyi 


^Lp3I 


4_>&jLo i y& LlLp c_i-lLS\j 2)1 oLo LaJdP aJL&^/L L^Jwo ^1 

(^jbjwU Ij_*_33 d^^i •* olj.i/g-11 ^*_3l3 ^5\Jl dy < cj>cJ li L^Jdp 

.4j>ejLd L^Jw*3 wLoJL^I ^xil aJL jJaJl ^Lp v_ 2 

^_3 ^ji_*_Jl <LL>c_J O,4 JwLj x—oJl j-^P i. >j_>c_]l Ajjj^p Iju 

Z^ 3 j-g-jM A-X-yg-j J-*_> j . I^ * Lp ^JJLpI J.3 <L^x-j j-Jl dJl l ^ * la 1 **» d)l j-*-> jS\ Jl 

(1)1 ((NAS)) ^j-UU A-jJgjJl a^^-oLS"^! j-*_j j5Ul ^j_Lp A_i>cJ cJL- t <5^*_yJl 

^I jwoJ 1 oUlo £-Lo oLp! ^3 ^*5^1 <Lws<ffl^jlJ t d)La A^_>-^-^1 dA 1 ^Lio^ 1 ^jkj 

j^Sj L-« d)j^ J y>*k 1 bjjL Jl d-s j>cJ L>jjj m^-olS^l C-Jiiljj .^>ojLJl 


^jLdJL> Ja_i_d>-1 J_3 d)L> 1)15 d)l (_5^ v:5 '^ I ^iUJl c 
3 jJJ d^*jL-*>'yi j^ojJl ol»j_L*_<Jlj oULJl oJL5 d)lj 


> dwvo2_5 <l~5 L»^J 1 


o j3 jZo 


A-s^yj 3 15'y 1 ^Lod>-l dglpLddAil ^s di->^u5l>j^ ldw5L<>J pLp^I ^i ^jj2s>-Ju 

(381X . 




mil 




5Lo 


JLygl ^,315^1 d)l .2006 /jlil ^3 

'. Jj5j 2006 j^yi /<1)1 jij^~ dr 4 d^ 

ol jJ^J>ejJlj C j_wwJl (. jL>e_5»^l 1 oLi-L>- ^J_>3 mi 15 4 J 3 I iJl-L-A)) 

J j jeS ^-^Jl *m 1 <Uj J-aJ 1 Ojl j>t Jl d^l>-j3 ^j-P <^ 3 ! La j*S>J L <L*3>-1 jdgJl 

^jA L 33 I tdo 15 jjj^5«*Jl d)jjij 1 A-wyiLo 3 ^-fl-P d)j. t AjiiJl dy aJLp 

A£.*«/*a ^Lp 400 igjLLo 0 ^I 

^jJlgJl j_y2_*Jl A_yg-^3 ^3 (1)L5 ^^gj'yi ^5 j5 (1)1 J_A ^55 j |t-i L« dr^J 
ojl^_>tJl <d>-j3 d)5 SULLJI ^Jl ^_PwL j 'V L)lj t ^Lp 400 ^Ju-_3 ^_^i_y2_il 

d)l ^^>LmJ AdJgjJl d^-j3l5'yi SjLxJ .j-yfl-xJl 5-U3 ^^ol L^JdP dJ3l3jl 


< http://www.nationalacademies.org/oninews/newsitem.aspx7RecordlD = 11676 > . 


(381) 
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<1)1 jj jJll )l 1 JwLp cjj_^_^>eJI ol_*J I ^i-Lyg-^ d)j_Sdj 

d)L>-j-o-Jl ( Jcc« c£^ d)li ^JlcJloj *• 0 -Lj>- L>Lp 150 ^Jj 3 j_*2> Sjl^>=21 

,aj c O j_>dll oL_^> jJj c xJl>JI i. Jj c olkj»t-J1 j ol^-w>*c-Jl oL**i jJj 

jl^o-'yI d)l ^jjJlxJl ^50 Lo.5" .L^JL^col o->c_> <« 2 ^1 ol>cJ^° 

(1)1 jS dl_> ^ ACS\J_j C A^Vl ^3 Ao y^a A^-j3 0.6 jl JJLowi ^^Jl»*Jl Ja.^.I 

.a*_v?L*JI 150 _Jl ^jO*aJI J*>\j>- &>x-)\j ^2jjI jJ ^oJl*Jl ojl j^>&JI a^-j 3 Ja»^ 

3jO>- iiLwAj (. JjO jj_>tj ^JJ^wLII JL>-*joI aJI Ia^.jI ^5*0 J Laj 

o> li>- lo ^J-p ^ 'y aU I >5 ^Jwo^o*u j L>eO VI o L&L>- d) . ^o»L p ^3 ^ J* 0 

|>Jj>ilLvj L. J2_P JjwoJl j*J*sS 0 LU 0 .MI ^3 I l3*yO>~! ijlCft d)| . *Low> Jjj 

‘OsLS" ^^p jL^Oo'yi o>Ltf_L>- i ^ jjj 3 j >~\ o>Lw^Ij3 ojLS" L.aJl>J->cJI jL>cO'yi 

jJj> (_5^i diljw^3 C s_3*}\o , “'y! ^3*>\_P (j-° ^-wwoJlU 

o>o>-j i 3 j *y \ (. jL>c_jo•y 1 o>L aJw?- ^ju'y 3 <j Lo_*cl^.i j-cp ^_*_*jl]i ^3 ju^s> 

d)Lo Jj .I-Of- aJUL^_i aJLL*o ^_>jJL]I JoJl ( j_p oLw^Ij3 

AjJa^Jl A^olS^I ACP <0 jS* djlCA ^5o ^ Lo5 c jO-cJl l*A»k 

(Ja^Jj>cOvw<>JI o>Laa»IjjJI 1)|^ t Jw^Loll ^3 d)Ua-oJl d)l 

^Jlj d)U L^r>o.l >JI >1 >Jlj oULJl oJU IJub Jl 

c (JLaj Lo-S" Co 15 acpLo-^-j d)La oL>cjI d)L (Jj-aJ ^jU NAS ao Lg_> 0-3 ^cpI 

/v-Laau .^ 0 ^_oll ^Jo>-l3 Ld-P lwb>- (wd-lo-c-. ^j2o>c_v2Jl < CwO_)3l5"'yI d)Lo (1)1^ 

^_s d)L« oUL/ 2> ^.sljjLj Io_>- ^^-wo> 3 (1)15 (l)l>3 j_aj JS" d)L> 
AC>cJ ^COjj .o 3 JCoJl (_5^ Av?Ij>cjj C 3^-AP ojl^>cJl A^>-j3 O’! 

' >wLv2lJlj ji'^ s T (Ji d« cl)l 0>j3l5'yi 


^ c. .^.0 3>P A**^? t I 33 I A>j*yi 0 j^Jl ^ JtwJl (~.g»/3*ll (1)15)) 

.«o5LJl Aa-DVI AgjLo o> ^1 J aJLp j5 U-o t^JjJl jJll 

A^JcCOwJl oUjjjl CjL*- 3 t Jws^LjcJI ^3 (jUa-OJl 0 jj* 

l 1)L« c_cp ^_jl >13 oLJl j a^>c_^_CoJI o> < l>\5l-Cw<>JI ^dco.'yi lc_* (J). c)JJ 
J (. ^^iL^Jl d)LJ-*Jl (Jt)d>“j jJ-*_U AOlajJl A^o-Ol5 % yi AC>cJ > O-Jo ^>Jlj 


H. J. Falcon-Lang, «Global Climate Analysis of Growth Rings in Woods, and its (382) 
Implications for Deep-Time Palaeoclimate Studies,» Paleobiology, vol. 31 (2006), pp. 434-444. 
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ji 1C-olS” L)La l)} 4 U~o_olS"Vl AL>cJ d jJsZ d)l Lww*>L^ai LlS2opj (^r^d 

a^o-o IS* ^Ll ^Juv2j!x>JI cl)l .IPCC Ij.^ 3 .SjL>cJw« j\ ax 1?L>- 

^j-a CjLoJj>c_> I ld_A Op • cj jJLj L)La *jCsLd IdJL 

^»Lp cdLjdSJ 4_<a^a &LLa ^L*_> 4 ULo->e- 0-! AUSCj C Laj-^P ^y* ^LSJ ^J-S^J"'*'"^ 

jJ ^J^5s_*xJ oLp} ^-*iu Jji L« ^3 cii_*iJl L)i j-^j *• ^-L>tJJl o j_a asJzjLp*- 
1 Jys IjjL LL ji ^3 0 jUxJl J ^iUaJl <Cj>cJ C-JLpj . W OjjjJ£ 

ojlJ Ji j / 383) L ^_L>ciJJ (Dr. Edward Wegman) jL>-P j *j\j*\ jjJlSjJI «oli 


od^J jl5j . 


(384). 


j La oLLJ ^Jjcu^wa ^jLv?j>- 1 ^Jwdjstdu L) U-p j Jd-^C oL>-Ljjl^»I 

Jy**+**& ^^-P A3^^»wodl C i ^y/2^J <Uc>sJJl 


, (385) jU 


Jj_p j-S’jJ j! ^—g—o—51 

jv-gJ! *^l UjL/2^) ^-SLJ IJj- jj-UJUj ( _ ? L*i (.community) 


(Poleoclimate j»_>J_LJl ^Ll^JI 


< http://republicans.energycommerce. : ojL^iJlj Li l 1? ll jp V\ ^j_SLIl LuL (383) 

house .go v/108/home/07142006_Wegman_Report. pdf >. 

G.R. North, and NRC, Committee on Surface Temperature Reconstructions for the Last 2,000 (384) 

Years (National Research Council, National Academies Press, 2006). 

:^JudJl yr^\ (385) 

LaJJ&l dsl yj} 4_P jjd\ 4U>tJJl ojb| ojb>uJlj LiUaJl Aud ojb| ( jd^ o| 

(( y*m*Si 1—£ «^Lu5U» JJ ^ [MBH98, MBH] (1999j 1998) «<jl*» 5i jj oblLuM oL5L 

oJ15j LLUdl oUj-w^il JI oL2>)fL [MM03,MM05a,MM05b] (^2005 1 12005 i2003) 

^bil <Lo_w«l y ficj ^Lil j-^2 j5d-l d^-b AiU^ll y> MBH99j MBH98 ol^luu^'yi 

ojJjJl oL^uJ <w?l>o j i 4d.l*Jl oji^L aJjL y feiz}\ I jjfc ! 2001 

L> 1 j5" j^~ P ’^ J MBH99j MBH98 ^5" 

3jl oL>-jJj Lg_L)jUi» -Up o f^\ oLu—*_-*J ojijd-1 ^^LaJjI <aJI j-Uo 

^jp MBH99 j MBH98 4—«L—« u^U y**.*/?.# ^jp ojd-l -U-LU> Ld>L3_> ui- , L^-LLUL-K')fl odp .<La_)l—« ‘LpJV 

t yA <uJjIl ojjtj ,*y <UX^>-jjjO ol5 l)| J' i ^lldl 

o«_»L>-) (David W. Scott) oJuijbj (jj_~j_>- L*_*L>-) (Edward Wegman) oLpj 
jji *£yj> dj 4iL2>VL c jdliil c-w*-?-lj jl5 (ySLyA jJ_^>- 4 _jo>L>-) (Yasmin H. Said) ju*— ._a ’Wj 
oj_A C-JloPj .o3J_*JCo j oL>-LUJLw»<l d| Cd_v?JJ i ^y -^jib jl oVULo 

.y ftcS\ <U>s-Jj ^3 (d^ 4 L^-L oLv2jj^j C 

oL«p 

Oj^L c j-2-Jl oL^>-j 4_aL*Jl (Jl uujLwo-S^ j—./ 3..Q-; j»*)M dd*u_i L«jjp ! d^*^^ 

Oj-$L ^*_U_) <ul <Lv?L>s_> (Jld-1 ^_A oj_AJ .4_*J>-1 jilJ ^g->c-juj 1 ya iiLuS" (_$jJL—0 d~ < *^dJ 

: 2001 £tdl y-S2j c IPCC jij (d* 4 Cw—JE> 

.U-ol5Vl dljjVl OjU^L 

&y>-yAj d^LJ- » jylzj ijl Ulj-ii t-jjL^sjj/l iS^ <ul -Liu*_) Lu| ! A^liJl y*}\ 
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5sl5>l . (Statistical community) ipj_oo>^Jl ^ jjAplid N 

Lol^-JL p b_$ djlJLwJl^ c 5 y* w*>IJLj 1)5 |*55>co 5oj ^ eLL5 

5*J>-I^oJl 4JL^1? ^Ip ^LoJpl iil^A (1)15 4jl (J5 «tJ| lb_& y ^55>oj .yS^jj 
^5 t 5JJS 5955} .55 Ll^ ojj^.yg.iL j-Ssi |tJ <^51 (peer review) ou^Jl 
^o ^-5 <olp} 4_b>cJJl obP ^Jp o^.,yA j <jl ^Jb>- 5 j 5j5sJl 4_P Lo-j j^ww^vJ 

(1)1 Ldo>cJ JJL)L*o C ^Lp ( J55boj . 1 wC^a-oJ 1 IjjJLL (1)1 (l)j^ 5aL*Jl J^s 

^_3 jJIp 55 JL5 I (1)^JlJl d>Ld^*_«d jJIp (1)5 1)5j j^ j5jJI d>5>o^J5 

. (386) <G*>Ul>^ ^ ^ j»Ip iiil (1)15 1998 j»Lp j!j tosJ^I 


.OOL*_o2_i 


2j ^jb 1)5 ^ jJ-*j j51 1)1 j-Co j 


^1p 5*-*^? 5^ c <S5 aJL 5jj55 4 j*)5jj 1)5 1)} 

.e-LwJl o51p} ^0 *>53 j^L*d>Jl 5-551 j-* 5j 45 _*ji]! 4^j>c_^_l5I 1)1 ^jIJjJI 

^j p ^£j 5L1J d>55oj} ^1 fl<JjjL*_^Jl J55J5 55 ojIp oL>5_la_v2-a ^jJu ^Jj 

4^35^5 do^o^fl ^)p £“^1*-^5^ 5do j .ob_g5 dj5^ldd>l ‘C-wOwAI ^£dj 

‘Lo>c-^J-oJ1^ (_5 ^^ £_£j5L)I 0 j bji ^^Jp ob_dj d>JwoJPI L^oli C (jLoP*>5 

b-* d^5555l 0 } cj5L 5 jjp 4_v?5>o ^Jo y^ y\ I jjt> L)\j .S^ y^ d55j y* 
15 .<u^i £pial~o ^Ul tAJii bJp <1)U aJp pIo c^^JIp l$J 


^2> o'VlS'j ^0 bjj-o* - Ool5"j .LJljJj IjJj» Jj jj jilll oJji> low^-j .c_id5sJl ^3 

.<ujd5^ L^»p jyuiA5>T^iJJ o jj V 

c (J UaJl *AJP ^j_i bd^bbJ I jj Cj5j jl <LO L^j 5ljJ-S (J ^_5l ^J-<»-*_U 

A_gJ b^5-J OjLjLsJI ^.*-<>->5 jLjp'yi jb«j p-Llap| .<UjlP <l<>wO <uJ bj 

bl (_^Ij-La3I C->UL5J <u5sJj .j_bjJl tbdc^ jl < u_wJ ^_^UL5 ^?U>- (JL<>-*jl><I 

. (NASA dU (J-' 4 td) .<»l*JJ 3ji y» bj5J 

Ab_b_>tiJl jjb»t5J (b v -b 52 j>’iy I ci->l jL*zjLw»<I^ j» iibw& b_^5j b^ ^ 3 ! ‘eJUbl 

^3 i j\+J)\.-j9.‘>- S )l 1 b[ ^--JaJL> (jLo-*4Lw»«ytJ FDA Jl Lg_b_P Ajjj 

4j>r..^>Jb b-b*--4 b .x^s- 3wC^>- <L~«b —o L^aL> b-Lli 5^ f»5^*sj Lbl C»b 4_wujljr d3l^_5J ^j^bbi-p 

^P f-LXj wX>*Jo bl o-P 4_^vwOj <U-w«b^*' Cpjlj3 bJtXA bb>wCP t (Jbll 1 < twb*<*yi (Jl^»«'yi 

<lL>- ji Ld .oJ-^b o'JP- y ajjLw*_« <LsAijljr b^d I _J-AJ b_j5j bl . <Ujl.,/g.>-l Cl-’bi-j 

• s_..~s>.>- L^Jj b'_j L^5p djlxJaxJl L^ljJl If-b?" bbl o«X& ^j^Alll 

oUV ^^dMl ^_g_AJL dl^jdl dlstjbU b^J-b^l (J-^ j51 

•jdyJl J b-Q 3 (Jb>«ll dl?>xjl tw->bjp-l blj t o'VPtil <bi»-la^> (_Jj3 ^P ^Jj j^»jJl ji bl .^Ull 

<http://www.climateaudit.org>, and <http://scienceandpublicpolicy.rg/Monckton/ (386) 
what_hockey-stick.html >. 
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.4Xo»*J cLblxX_5La ^.^,3 a- y^i (l)La ^P 


j! jyrliJl y> y 


^UJI ^IjwoJl j+J*sS *lL<>JL>c_x>J I L*-W*» *)} I ^Jlo-P ^3 oj%*JJ (jLa L.Ayg.J 

jl 4-u15j_Jl jl t LJ ^s>- yj ^XjNI (_£JL)l jLa *• 4 j^J l iSJ^X\ yo 

3j-J>-J O—s^ 5 jJL9l Jl^-PNl 0*A—& (jl ( JjLw^J j—a ^_A (_£j->“l t 'w^J>“L j (jjj 

*AJL*_^j y3*)I I J_j J-Jo ^O j-'O-j I5_&^ . ^IjwoJl ^-3 ^j-° ‘LJa.p*- 

oJ_P ^Jj JJLoJ 4^Jg_>- ^Pj oJ_l*^ yjJJ CP>L_Lo-*_) J_woJL) ^ jJl C NI ^l_La 

<bl *L*~a ^aj (l)La cjJJL^ vO Lo«5 .J-*_> L^-o^-Aj N (Jljj N ^Jlj ^j^JwwJl ^j>s obLa 
0JLlI 4 Lw^JL^J| ojljj>cJl cp b>-Jg .** y~& o y'yr Xa->\y iSL la oLS” LJ 

*l^>-jL>cJi o jl)i (4_l^s jJi jji) jJi ^j_3 jii c CO 2 y^xyj y~i I 

ojL_p (Osborn and Briffa) \Jyyj Xjy>jj\ .^LloJI ^UajJ 4j^_^Jl 

0 jzs 9 ^3 Lyg-j' djjj>cj ji ^ni ^jj'y 3 d)i 4_3 ^Lv2-<>jl> Ugj>-'y t4_^_>LiLa 

N Jg->l^xJl L)l l-v^gp—N1 jjp ^jL^i ^^Ua-s^l .Dip CO 2 y-Xy Lg-3 

Ojs y* cjIjLp- d)|j . (Causation) (^ws-^w*jl)I ojjj^aJL> ^x*_> 

<w?L>- .a^o-L^JI 43 jJl y l.ygj3j ^^xJL <j^>cJI ^I ^Jj JkxJL o3Jj>c^3 c^LsLxj5I 
y^y t Ij_>j_>c_j 4_LolSCl <jL*woj jljj^-^yi d)lj 

^LwJl ®^^5'j-^Jl l.v/g p)) pLo o^Lp) C—>c-v^j wtij .^1 jJ^ylj oL»j_5C>c_U 

IPCC j_Sdl jl 4 'wws^2_3 ^.SC^jLoIj^ SjIj_>JI *ij>-jj_J 

Jl oU>L c^LJl jJl |j-& 0 d)l5j .^jLo j,^,L>5 0 j-^y oL>JC-j 
I ypy ^jj5Jl^ tl)Co ^^jl5w\JI ^ PCA —U JgU>- JU-*jl^I 4 '-^-vw^*'Ij <\jl*j)j>- 

.Ay jJl pLj JgjL>- 4_l5llL<J J 4^3 

i1)Lpj j-ol-yg p- j 4 j ^JJl j-^“l \yyy* 42j jU ^JJjlII J5j>cjJI jJ^I 
^9 l^5jl_*io j I j l 0 y j 1^1^-wK (wA^ 5 JaJgj>o y**-* (Wcgman) 

0 ^.AiJgJi oj-& c—^Jj.Lyg-^-j oijj_*)LL« 1 y±sy>- j> t c^ljlji 

.^JL*Jl (jj^Xo ^jlxJl ( J ONI J3 0 j5Jl oXy J5CJJ c ^JaJb oJjwb>- 

! jb La y Jill Jj>tjj 

^3 4-oLv2_P»-Nl CjLp>c-^JwoJ| (jLo-*-X-wa| 'j a-Lw^l o^^Csjj K(l)La)) (j) .1 

^ o^j-fJl L^p» jP-i t JjV y> «'j3 

.ojl y >Jl 
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jJLp Li5 c*JL5 <j^JLil 


oL ^Lp^'yi ^j-Ssj 
Jjlw*>s-o jl Lo-PwU UlpSl Ayd^l 


^a ^wLsl>J! J-il Jj-v2-*Jl jl0 J^> OJJ^ 

.llSCo^J ^-Ae-lpol ( J^*J>- <-)L« (J^>6J 

^L)woJl ^^j>-Lj ^jA o AP ^^J>c^Jl d)l A^-P LoJL^-1 aSs^J^ ^JwJj>tj l_jLJlS' 

OLp ^oJ>t^3 (JL^-*_L^>1 (j J Jw-*_) J C Lyg-*-) |t-^yg-AJ (J Lo-P 1 (l)j_*_>-l^J ^-jjJlJl 

oIpI J-v^j aJLsjJI a*j>- 1^>J1 ( /yp (Jlj^*Jl ^Jl ^-i-b L* t L^jta c^llLwJl 

.ojl^>Jl A^-j^ *Lo 

(^Ijjl ^_3 L^JL>^jl^I Jw^pI aJ^I Ij-JlS" L)1 L>c- s a , 1j jJ~o .—A 

N ^JLJLj c A_^_>Lijo3 ^jLo ^^1-p ( Jwg->5 d)l »._ j ^p ^o»s .Oj>c-J! 

.aJJLLwvwS <2j\jLJI>za 1_£jL> 1 L^JvSCoj 

N C A-oLv2_>-j d-J^1_P ®wLJLo I^wA^JLpI ^-Jc>-L«Jl (1)1 j*-P^1 ^i-P • ^ 
Aal_*Jl A^L~J 1 Oli y*t~j2^a (1)^J .AjL<2^Nl APj_^j>c_^Jl (1 )^-LpLaXj ^-^->1 JJ-u 

j_>tj ^_*-wsJl ^_j aJI L>^_aL1^ j-Lj ^Ls LJLa a_La^ joLijJl 1 j_^J 

.L^JI j\ LoLv^^-l 


aJ-AJLw^ o 




jL> ^ Up 1^>j^JL ^ 1 A*^L^w*Jlj A^o-ip ^Lp O 


j_> j_Aj i jlA A^L^vJLj JpUJ a)L>- ^3 Wj.y?-> ^a^Ij 

^jA o^jjJjpdl d)l5 ’ 2001 ^iLoJl j^xjj^ tIPCC 

d)l A^aiL^wvJLi AjLl_*JLoJl ^-IjwoJl ^^-P .Awo-OlS^l c^lj^^l 

• j.*.|^i l^ w\j ^ ^ J--P A*J>-1 1 ^ ^ ^ ,1 ^ l ^ Ojl Jp 1 ( ^ ^f*M+A ^ ^ t . 11 

oLy?Lyg_i>-^ 1 aL^Ijjl^ Lij_i L)1 aJIjwLoiJI <^jL>oV1 ^_^-p ^ 

.J^S"yJl Afl-W^ 5 A^2-s^>AuJl 

oLJS/ ^^Lw-Vl jt.^, aJI ^Jlp .sJ-LLj (1)1 ^JljwLsjUl ^Jlp . i? 

(J)^_>c_Jl (w-^l>cJl] LsA?Ly2jL>-^ 1 aU>- 1 jjl^3 (_jj-aJI ^_^-p j5^j L)l^ c ^Ijw^Jl 


A 


LpjJI 


1 ^LwJl O^lp} ApLo^>- f-Lv2pl LoJwO 


o L-^>c_^jw<iwLl l^_3 j 




lj_^J-L> |t-fll c ^JLo-pI jJ-^5 L^j'y 

. ^LwoJ 1 Ao L> 1 
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<_j|^-Jl <Cj>cJ dJ LpL oJL>-I ^3 jJJ.5 J-*_> (NAS) -Jl <Cj>cJ ^-vwoj 

^^-Lp OJLsIj J-3 (NAS) -Jl CUjIS j| OjL>c_lJlj 4 JLI 2 JJ ^j^w^Jlj 

•** f' 4PO*)\Jl jloJuj ol^Ucol 

jj jJlj c^L^Lccu-d *-i-> j j $ Lj ^a ! (Barton) 0 ^_>jl_> _^l 

a^Jl ^y/lj .^Jl^Liol ^£?jL*j 'y . *y ! (North) ^ j jj j^x5"jJl 

Xi Jaj ^5 Lo ^JL j^S" J-a 4 j2_JL><J I ^3 


l^_Jl ^Jl ^x^Jl Lj^>J cux^lj JiJ : (Bloomfield) ^Ju jjiSjiJI 
L->w\J jlSj .4j3j')I C-olS" oljL^-'yi jl J *• °3j^ 5 j^^"“Jl 
• ij^1*1 jLo-P^ j^S”jJl AJL)J ^JJl <d-o-P ^3 l^ .~i3; <Lo^Jl 

.L^Jjjjj <Cc>-j^l?l O-PjJ (NAS) _Jl 4 )La jl j j> ^^p-^Ij 

c o^yLp-i^Ji j-^> ^_5^j .ip!jl>- ^^j_*ji c^'y l>c-^ i J-a 

^5\Jj ^Ul ^Lol jJj>- jJLs . ^y-*-* j Lo-oJ1 IS ^*4 jjs ^-wd •> 9Jj>c_> (jl ^^o-j jlS" 

^JwsLajdJ Ljco-a jl ®jLo® (_5^-p j•^- | j-i l)I^j Nj t 4_JL>jj 

JiiJl j_*Io £-)w4 4 '-jjL>c-4 ^3 l^_^*_oJl AS j_Lw* IjJfl-J C C-X^-S” *Uj jS AjL jJs_> *L*-a 

.<cd-*3 ^)»P jL« jlaj ^j^oJjJl jl JS lx* ^1 .e-ljJl 

jLJ (Steve McIntyre) ybs^SV^ j^iSjJI ^y*S ^j^La S*l Ji JL3 

jj| jJl l^j ( Jwo-*3C-*»l I ‘LoJgJ.-oJl 4_ol^Jl AAj jlaJl 

.>./?,■Lo-5' IPCC ^cLLo^ .^Jl j^_v2_*Jl _jl^)c>-l I 33 I ^^-Jl ^LwJl jl 

^.pjJl ^ 2007 ^Lp jjjJij ^3 Jl^pIj t2001 ^Lp ^LloJI jJ jjJ 

jj L^5”LoJ ^Ls^ 5% yi ( Jw<>-*Jl ^-w*i jj IJ_a .<c-oJ_*Jl oLo^y/l ^3 y/ J-y^ 3 tj^d ^J *dl 

JiU.j f <389)(388) (> JUU. \y\S ^ 0 L 0 j! ^Ji! ^Ul (387) dL^5U 


S. McIntyre, and R. McKitrick, «Proxy Data Base and Northern Hemisphere Temperature (387) 
Series, 1998 ,» Energy and Environment, vol. 14 (2003), pp. 751-771. 

S. McIntyre and R. McKitrick, «The M&M Crtitique of the MB1198 Northern (388) 
Hemisphere Climate Index: Update and Implications,» Energy and Environment, vol. 16 (2005a), pp. 69- 
100 . 

S. McIntyre and R. McKitrick, «Hockey Sticks, Principal Components and Spurious (389) 
Significance,» Geophysical Research Letters, vol. 32 (2005b), L03710, doi 10.1029/2004GL021750. 
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I - POil 
2* 


(395)(394)(393)(392)(391)(390) t i. 


JJl ^j-^a j]a IoJl jl tIPCCi_J l.i.JL>t>i Jij jl JlsS ( ySLou V 


j-ii' Ojj-?-l dJJi ^J-p 

(396) v^' 

t oJ_jJl jl • ^ 'I ^J-p IPCC d* ” -La_j .^-L^-o-ll 
jJ g! (397) dL^U .^JuJl i^Jl ol^-o L* cGU ^Jl iJLoVlj 
ijl-Lft (jl IL^j <JjjS>-\j3SJ I <GL^SjJl 4_*_^-l^oJl ^jjo LPjj IPCC OJ->cJl 
Principal jl j]\ JwJl^J) 4_j^Jjj SJl>- y> lk>- 

JuL- Jbblb L^a p» JJCJ» LlaJ>- ^J^_p ^jJl (Component Analysis 

4_AjIj MlSLdil d)l j_i j^-yoS ^c>jIJ jy} ^jS^^jj .C^lJLwJl ^3 wLoJL*_>j^ 

oIpxjI C^ww^wJ <LjI j_JLp ^lij! i^-jl J$ ^y 3 ^ j-$Jl LySP)) J 


jl^l 


JL LJL ^SsjcJI cUjJl>J1 ^^ApVI l^wJ-p ia^X-J>1 j 
. 1 L) 1 CLoP- LiSCoo 1 ^y >cj l^o I j c L* *y 


(1)LJNI 


LJIp 


^aj'yi d)i ijp^i ^dJi disj 


'j' m* 


jjl) 


(NASA’s Goddard Institute of J 00 LJI *LAiJl oL^IjwL) «^jb j_p» 
(398) (GISS) Jl jjJLo ^Pilj .^-bUxpl Space Studies (GISS)) 


H. Von Storch [et al.], «Reconstructing Past Climate from Noisy Data,» Science, vol. 306 (390) 
(2004), pp. 679-682. 

G. Burger and U. Cubasch, «Are Multiproxy Climate Reconstructions Robust?,» (391) 
Geophysical Research Letters, vol. 32 (2005), L23711, doi: 10.1029/2005GL024155. 

H. Von Storch and E. Zarita, «Comment on «Hockey Stick Principal Components, and (392) 
Spurious Significance)) by S.McIntyre and R.McKitrick,)) Geophysical Research Letters, vol. 32 (2005), 
L20701, doi: 10.1029/2005GL022753. 

G. Burger, I. Fast and U. Cubasch, «Climate Reconstructions by Regression-32 Variations (393) 
on a Theme,)) Tellus, 58A (2006), pp. 227-235. 

Y. Huybers, «Comment on «Hockey Stick Principal Components, and Spurious (394) 
Significance)) by S. McIntyre and R.McKitrick. Geophysical Research Letters, vol. 32 (2005), L20705, 
doi, 10.1029/2005GL023395. 

M. Crok, «Kyoto Protocol Based on Flawed Statistics,)) Naturwetenskap Techniek, vol. 2 (395) 
(2005), pp. 20-31. 

<http://www.climateaudit.org>, and <http://scienceandpublicpolicy.rg/monckton/ (396) 
what_hockey-stick.html >. 

R. McKitrick, in: Evidence Given to the House of Lords Select Committee on Economic (397) 
Affairs, The Economics of Climate Change, Volume II: Evidence (2005). 

J. Hansen [et al.], «GISS Analysis of Surface Temperature Change,)) Journal of Geophysical (398) 
Research, vol. 104 (1999), pp. 30997-31022. 
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j»Lp oJl5j 

1)15 L*J-Lpj .S j ~5 Aw«^»pj 4_*_>c_*_>“ Ubl5-lb 1)15 j .Ijl^^>-1 L&J-JM 1998 
^J^l^Jl ^jLvaj>-^/l oljj>-l cu^cJl ^Lp *b-> Lg-b j-o j^Z d)l (NASA) ^1 _p 

(399). 


C 1995 ^Ip Jc^ 


jJj>- 




li5 


L*-*5> l)I 




(McIntyre) yJczS U 


’JHJJH C5 3 


obj^o^biJl ^y 3 ojl j?*- jib^l l)j <jNl (NASA) JjJjJj 

oly^Jl oJL5 L*5” cfU Lbl 1934 ^Lp 1)15j .(1939 c 1938 c 1931 c 1934) 
Jj* j-JlSj .UajI 4jJb 2006j 11999 c 1998 c 1953 c 1921 
^jJu Jlpj .ojL oNI (2004 c2003 c2002 c2000) bbb l*Jl ILL. 

^ ^jJ>\Jl>xZ\ ^jj>-j <jNl ^Lv£?j!)U SJj>cuJ 1 4_52Lo^oJl <_^j5b j 51 JljjwoJl 

oL>j ^_p jJl ^1 _p *• 1998 ^Ip <Cw<>JL*Jl ojl^>cJl 
oliLv^} OjJ-v^l (_£bJl 7.25 L&jlJJb 1 jLiJlj t JajjjJlj t^j>c_4Jl <^1 j^4>-1 

4j>cj^> s j-^P ^jIa>cJ| 03w& l)Jj .(_£j->cJl ^_9>b*Jl 0d->Lwobb CO 2 

0 UI 0 ^J-v^-31 Ow^-ti ^5 1 0 jsj>-S I ol jJwwJI <c5 U>j c Jj^Uj ^»5 bl 

.jMl 

1)1 ^-P (1)^\_P^I !)jj .4JC^>-jJj_olj y wwo—S^_31 ^»Vl 4_*^JaJl ^2a_> *)J 

Sjl^>cJl oL>j 3 Ja-^i jSJi b>_^3 bvj>- ( yj» j?S\ ( j-*wJ Li^l C^olS" 4j^*i 

.bUL ^_jj< 1)V 4_li_yg_^ I)j5b> 1)1 o^-Lgb" obLwv^>cJ jl 4Ja_>c^j 

^>3 b*_^<L5 J^l-La 5lJljw& ^JLoj CjljJL* j-wP Ja-^>c_^>Jlj 4_^oLJl ^i_P 4ji^*>LoJl 

.^LaU ^ygj>0 jl 4_^*>ljb ^P ^jy^j'yi 

cyLL?^> c_> 3 (^J'yi jL~j)M) (Robots) oj->jj 300 olJLo ^^Ja7 
^bjj Lo-Loj .*Lw^b>Jl ^^<>j>cJl oljj^vJl ^1 _yol iibft jib 4jl ^JL^Jl 

( J-Ab>cJo boli C ^_}j_5” j\jls>-\ ZZ>jZj>- (JL^JLj>-1 ^y* J_jL/ 2 Joj ^J>cJb Ibj j-X-Zj 
tJ_J |j_A JJj . (400) ( _ s J ;: yi ^j^Jl (Ln^JaJl Cjl_j“>LpJ 

LJ-^9 b C ^-bbJl j-2s <b_*_3 blSbo-j b Sj . 4_P y~Jj b Jj>c^a <2 jJj>o i^_3 

.^LJl 


D. Holland, «Bias and Concealment in the IPCC Process: The «Hockey-Stick» Affair and (399) 
its Implications,» Energy and Environment, vol. 18 (2007), pp. 951-983. 

R. Kerr, «The Little Ice Age: Only the Latest Big Chill,» Science, vol. 269 (1999), pp. 1431- (400) 
1433. 
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ooL*yjJl ^ jUI 2008 ^Lp jj jjC <o<J 

(Jerry j_LJl» (Thomas R. Karl) Jjl5 .j a jj 4^_5' j ^VI 

^-SLJ -J» : (Thomas C. Peterson) ^UjJj Mellilo) 

. W ^Jco2^vw<>JJ Li 15 I -LJo^y>cjj LJI 

^*y Ja53 ^jjLJi 4jL5 oLpi ^y^ 


. LLs^wO 
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Ul 


j*-*J ’ ^1 J^eJl 


jIjJL^j ^jj-i t ^LwoJJ cJj^l iijj>c_^>Jl l)} 

^1p oL>Jl J-oJj t j^>c-jJlj c Ja-^>c^Jl oIjLJj 1 -J 1 l 2 .il i]^>oj t A 3 U 2 JI 

.jLUJl jl wLoj>c^J| ( /ys olia^>c^>J' CA 3 Q 2 JL 

Nj .^-^^lll LwoUaJ ^3 (_£ji^l jLo-slj v-Sl j5" ^ j5Dl jlOJ >j 
j ^ ]g. ^_1 _p CO 2 J l)L*-*o^M jIwLv^Lj 4-5*}Lp clUj-J o^-SCj (1)1 ^j_5v-o-j 

L>oU L»jl^ j>- Ijl^g*-! ^^«vw<>-*iJl IloUL) ^jli>- ^<-l^->- <*—^51 ^-^-ll 

.<._>V1 A3U 2 J1 ^3 ol j^aJj Aj jl-La oli>LJ>“l 

^Ll>J ^_3 l_4-w<»-P 1 jj\ A«wwvwo^>Jl 4_3 LlgJ 1 ^ LXj ^_3 |j-^>- 4_A-^A_lg djl j -^*JLl d)j 
( J^3l jwli .iiLw&j C l-L_*_) 4_o^_$\Jl A^-H^l cjLv!2aj A 3 Q 2 JL AJLwLoJl ^-^-JlIU .^/?j % yi 
g-Lyg-A.ll L&.ij_) ^Jbdl AiUg ^^_^J| ^ J-^-O-ll Ayg-i->»J^a ^ j^J *.Jl ^0 

La<1)1 A^J‘La-Ji'^Ll <AA-^*_yg .^jygj^ 1 ^cJg-*.A» jls>x-*£ 

J-3 J .^/gj'yi ^ J-y^ g-Lyg-A.ll La^ A 3 Q 2 JI ^s-SL*_> Ayg-A->tJ^ 

. ^j.M.^Jg.1 1 l] y> c^s ^j^*Jl l)}j .oLLl>-*!)Loj v JjL>c 1> OJlJlj 0 ^aUaJI o J_& 

.(0 j3>c-oJL Av^L^) Aj ^y>c-oJl 4-o ^SsJ 1 A*-HVl 1 j*xS*a Lyg**3 ^ jM! (1)| U5 
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C ( ^ 1 _J^-^C—oJ I ) 0 «—^«J I I & C l —woJ I S*_-Lj ^ ^ -^*T i«.Al0 |_ 

L*_2^l c ((Milankovitch) (J l^ij_$LJM-w« oji) L^-Sj-SLJ! oLl^kv^lj 

^3 ( 4 JL 3 JJI) 4j-^3-\J| OljLp jUI J-LwvJj .(jSJl ^L*_*lJl 0j_£) j-^-LoJl 4-oj-^Jl 

.dj| jJk^\ od_& jo jJ j c ^L-oJJ 4»^*»Lw*>'yi do IS"^>c-<>Jl ^Jl ^jo>Jl < 3I 

f-lj-al LwoJLp 4-o j_^Jl ^ IjwoJ 1 4-*-JM o j3 j ^-^vo>-dJl 2io y> cjJl iS j~i 

doljj-Jl ^j£* ok-d-S" ~t3 j .4Jdwio>- ^Ldosjj 4 -o>cojLjj j-Jj-k"jl C 4 Lo>-jJj- 0 >- 

J—J->c_]| ^oLjLs45 ^3 ^>Lp 1500 1 210 1 87 c22 til y* Ljj_SC^JI ‘d^vwo-kJl 

L dol j*J> c-Jl ( /jOJ Jk oL-^i jjj (. o_3lo2j>uJlj C ColoLk-oJl j l CoLolojjJlj 

dolJLkj C 4o jJwwJl jUfe-JiVl OULL>“J do!jOlO>-J C C-3j_g-SJlj tjU>c-Jl 

jl>Jlj JU 2 JI 1 jL>o ^3 4-ojL^J 1 4-o>cJl dololSJlj C C-kJlj t ^JJaJl 

JM>- OjI ^0>cJl 4J>-j3j jO>Jl CO 2 ^j-o 43M-£” ( jO> iiLwA d-*-w~Jj . 4-ws^jVl 0 ^iJJ 

•a-V 51 

jl I jj3 1PCC JJ 4-*_>LJ| oj j_JL*JIj 4 : Mil I ^LwoJl ^oLoo ^Jw&LpxJo 

0^kJl (-P^J CT 3 kjJoM £-3 jo ^3 ^oLojJl ^-o-> Okol^-lj .4 JLwo-®>! ^JJo2o 

( JJLo ^Jl l-Lo^ _ jdjJj 2 ol Jo>-1 ^oLojJl ^jos ^1 ^3 jd> ^Jj .^jo^ 2 w*Jlj (_£3lo>Jl 

.iw^S" jSLJl ^r.k.Ap J j 0 >- 43 U 2 JI ^jos 0 0 I 0 Loi" 

The Bringer of Life, Heat and Cold osj jjj & t SLJ~I olJbj- 

^os 0 ^_«_«_S" dokwo-S" JwL*/ 2 o f-howwvJl ^3 ^-AjJLa (^jl^_>- ^jjo ^J^ploLs 
C j^Jl J Ja-0>c-oJl OljU 4o J_ill 4-3LS" 43 Lk ^-k_*o J . J ^ 1 ^-1} 43 LkJ 1 

t._^Lwwvol c ^JJ>-IjJl ^Jl LJoJl 0 L- 0 JI o-J->co ^ilI i._aJlScJlj ojj^j 

^joa OjLo-xJlj 4-*-wJaJi josjo ^^-ll ‘L^.^LIIj 4o3L^J| Lp^I 2 iJd_S"j tjL^o'yi 
^Jl <• j-*k- ll j?S\ 4-d-o-*J LajM-ll 43 LkJ I ^ v-o-*lJl j3 jo 2 iJd-S" .IjJ jJ>- 

oLk-o>c-<>Jl C—LkJ c 4_iLk jtS\ ^j-vwOwlJl CURLS' jJj oL^>Jl o-Jo>co 

L^JlS” oL>Jl O ^ojwUj olk-o>c-<Jl OwLoo>td c Jil 1-^-3 A3 LkJ 1 CUjIS" jjj .O jj>c-oj 

^3 CjI^ klli ^Uoj .U^S"j5" ^3 ^LJIJ ^ j v ^kJ 1 ll 

.4o y^" y* ^pl j-* <S'-^ a ^Lo 

^Jl 43 LkJ I cJ-^L*o 43 LkJ 1 I jI-LLj 4-olo Ji” ^3 ^Jl ^-voo*xJ I ^ygo 

^3 43 Lk ^joa ^oLJl 4 _Lo-*JLwsO los 4 _pL-*> ^3 J Ly >:oj 8 4o J-Jo Jl jjj L^ -LLko 
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U isliaJl (Recoverable) ijj^S JaiJl ^ j^~hj 

.if-L- 36 ^ ^jSlI Jl 

Lo->j 4j>c_a^^<»~* xJl 4 _*»Jo! ^3 ^IS”! ^L>- d)l LS"j 3| d)^S"jwLa 

c_4-w 2 JI ^3 f-l^_^Jl ojl j>- Aj>-j 3 (1)1 3U5 . f-Lia_P $ y>y ^ *32_P A^_Lp ^A 

^j-P 0 J—*_) ^3 aJ»P ^A Lo^s t A^jajJl Aol yi^*)! 1 ^jJaljwoJl ^3 c yt&j ^.ol 

^^Lp aJj>c-wvw<>JI Ojl^axJl oL>-j3 ^JLpI l)Jj .ldl>- f-\ j^Jl OjSo *11 ia_>- 

J*ialL<Jl ^3 (j-v-Jj ce-l^U^I Ja>- wbcJl aL^ j^uJl ^jL>c^.ll ^3 ^A ^j^aj^l 
j*sSL> li^l c_*JajJl ^1 jJL^^l ^jJLlJl ( JwJJl (1)1 cIUaS" ^_3 jXj LJj • A-ol 
\La .*\ Ja_>- ya A_wvoL J-*_Jl ^J-P ^Jij e-1 y>*-*j9 ^3 ^ 

JJJl oij^j jlfrJl _/»^j jr*-A jJj <.«ij-15^ y>j\ y j\ t.\j>^ai\ y j£-~^*-i 

A_> jJajJlj ^j-^*Jl (1)1 L>c-valj jJ-o ^l-LLya-oJl ^ j^xJl *—9L>sJl *\ j-^J 1 

^j-s^5s^ 3 .e-1 ^-^1 ojlA^>-j3 ^3 yj ^-w<>-aXJ 1 UjJ-yg-J ^^Jl A 3 U 2 JI £A yJLx^Sj>xA 

.il^^ol 1 -i -1 •■-*,.* IwtA^ » f *l *i<a A 11 ^ 1^ l»A3 j -^**>*j^ ^ v-Ow-^mJ 1 i t _T'^ 1 Aj y^x *.*+. 11 1 

ol>L~>Jlj oLw-UJl 1)1 j-^p c ^LwoJl j^xj Lg_~_*^u ^^**J1 (1)1 wd)j '<—^5 j^ll 
. (402)(401) (S ^jJ| jiLL, ^jJl ^ j! j^\ ^jUJlj 

.^IjwoJl yJ*s] A^-wv^o jJl olS” ja*c-oJl oJ^-1 J ^ J^-^l d)lj 

OwL& jlj 1 ^l-Lo ^3 jJJ-J {£j>-\ J^slJ_P iJlj-A (1)1 ^P 


sLlajJl 


M j-**-* 


^j^aj'yi ^_jL*^JLS" 1 . Ijo ^_>c_^3 

^_1-v2_aJJ jx^j L^_j 1 Ui” t (jL^p l^oJa^co) p-Lv2ji] 1 o>tA^3 ^yi djL^-5U 

.A^jJi oliJJ y,y^ o!jL>cJ2j1 ^jA Aj y^A A^jA^jilj 0^^J>o oil^0 

(_s® jM 1 

(1)50 ^y>y C <^1 j_^Jl ^3 jl^iJl yo jl JjLa iil-XA 

aJl^LJI jial^Jlj jwUJl ^ Jl 5J Dirt in the Air oU^-^>Jl ojiA jlj 
^-Ja-x^a . A^JajJl j Aj^>c-Jlj Aj jl y-s+0,. Il ^jJall^Jl ^3 aJ jaL>J 1 ^JaljwoJlj 


H. Svensmark [et al.], «Experimental Evidence for the Role of Ions in Particle Nucleation (401) 
under Atmospheric Conditions,» Proceedings of the Royal Society Journal A: Mathematical, Physical and 
Engineering Sciences, vol. 463 (2007), pp. 385-396. 

H. Svensmark and N. Calder, The Chilling Stars: A New Theory on Climate Change (402) 
(Cambridge, MA: Icon, 2007). 
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^3 3j_~J l$j| ^-P j}\ ^1_P C(l)L~o^/l oUglJL) ( /jJJ C^L»w^^_>cJI 
c olo~^J>Jl oJ»£j 4j_ yJlj ^j-*53j*Jl Lo-5" . <2j Ua^>c^>J \j oUUl A-o 1 

^ ' Lw£ iJgj ^ ^ 3 ' l j£Ic ' ^ y*A ^ Low^-»<*.^- «-Lo»L~>»J Lo>»»3 


(403) 


jl ^oJL^L> l 3 Lyg-J g-Lyg.ja.il 3l ^J» (1)1 ^ J C A^sjLyg-3 ALol^J ^^gj^l C_^S" ^5" 

Lo»>j ^LS"! CL>LLo-P ^3 ^-i g -P ' urTJ 1 -^' *UaiU Jj<Jj .^jVl Ji 

L)1 0 JT'^~ > ^LpLLjI ^i_P ^1 j>cj jjUg dgL wjL-9 Oj^^ Jg 1 JJi3 C Ll^jJ->- 0j^-ygJo 

. j>Lp J5" ^jjgj'yi ^^Ip ^jVl ^jL>- ^jjs 0 jJ-s^jj jLp ^ ^jig 40000 

4»oLw^~^S" 3 Ic (oLsj>cJl oLlJ) <lj^I LygL^-g»-lj c (1)3 L*_>j jL^*JI I3-& 

oloJjJl (w-J->cJj .A-o j_SLIl A^-Jj'y 1 l_i-y2-P (J>Li>- ^jJ 3 -Ig-4 3 L^_L-SLJLj 

U5 . ^jgj'yi CO 2 J ^-LoJl ( /^js ^_3jj-*- 4 ^p cjL^iJl L^Jl>- c_*oL>- 

^j^Lsil <LJlLa ( j 5"L«1 jL>c-Jl ^li oLjj ol j*> c-Jl oLjjJj c J-Jj>cJ 1 ^jLLjg L)j 

^j-j> d4j3 jL^_*_Il lj_A JaJjJLLj .^jsjJl 0j^3 tJt)LJ>- 1 ^jL>- jL^i-Jl jIJ-JLjj 

c JaJLa ^g-jL>Jl g-L^jaJl ^3 J^5LAi_> jl ai5Co-j j-JaJ j-fcj c3 (He 3 ) ^11 
c LfjLi 1 j LJl_*J! (Supernova) S^j_>^jJl ^J1 ^LjLlJI 
oUa^>^j ol(He 3 ) 3 ^j, * 1 * ^ 1 Lj iijL^jJlj ol_^ jJ_j>J1j 

(He 3 )^ cr ^Jl f LkJl ^ U5 /409)(408)(407)(406)^ S/) 

^Li AJjUaJL<Jl oUjjjJl Jj^p J^5s_*ioj c^jjgj'yi ^3^-^ 

A/yi jUJl CglwOw^v->- (1)| . jJ>cJl jLp CglwOw^v-g- ^3 ^LygLygljjl C Jg.^>c-^J 1 

.(l)L*^u^!l ^j-^lj jJg-3 4j-oJl ^3 Jj>-1j J J>tJ L3^i ^l-^-4-Il 


P. R. Buseck and K. Adachi, «Nanoparticles in the Atmosphere,» Elements, vol. 4 (2008), (403) 
pp. 389-394. 

I. W. Parkin and D. Tilles, «Influx Measurements of Extraterrestrial Material,» Science, (404) 
vol. 159(1968), pp. 936-946. 

P. Hut, «Comet Showers as a Cause of Mass Extinctions,» Nature, vol. 329 (1987), pp. 118- (405) 
125. 

D. O’Sullivan, D. Zhou and E. Flood, investigation of Cosmic Rays and their (406) 
Secondaries at Aircraft Altitudes,» Radiation Measurements, vol. 34 (2001), pp. 277-280. 

M. Ozima [et al.], «High 3 He/ 4 He Ratio in Ocean Sediments,» Nature, vol. 311 (1984), (407) 
pp. 448-450. 

J. Mastuda, M. Murota and K. Nagao, investigation of High He-3/He-4 Ratio in Deep (408) 
Sea Sediments,»^/ 2 torctzcM^eontes', vol. XIV (1989), pp. 139-141. 

K. A. Farley, «Geochemical Evidence for a Comet Shower in the Late Eocene,» Science, (409) 
vol. 280 (1998), pp. 1250-1253. 
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;UJ| oliLs^l JJw4 AsAsS ^_9 3l3j_> c_^_S ”jS (jjj 

. (410) oUJuJlj L_^iJlj 


jU> 




,1992 


»Ip jj_p (Ulysses) -™~Jjl UJl .j> a ll U~jUJI ^Jl 


LpLp j*~-& ^1) jUp ^U>pjj .<^*^<>-*^1 U^Uaj i-—J'L~Jo ^jJl ^ j^c)Jl 

^2^3 2)1 ^Jjl ^1 p -DUST jU*Jl U^>U o^_l?lj pl]ji!I ^la al 

x>- ^.,/gel J) t ^.la;UaJ 1 ^wo-JLJl JL>c_<>_j Ij^>- ,*->tjJl jL~p 



oJ_a p^l -/? 7 


(411) 


l-bjpa 2) 


jUjuJIj iw~-g-*xJl 


iaLJLJl 


C JI 

oL52jjS 2JI ipj^sJl 


J 


y~ u^J 


31 li 


p l ]j i! 1 J^-l- 


a-* -J 


LJJJ y>-\ jwLv2_^ ^Jl, 


^ jJ>eJ|j 1 ' ' I wL»& ^mj 3^i ^ ^ I 0 I 3 ^ J l—^w>-*J ^W^* ' 3 ^ .V—' 

oL^£jj_SJI j c_^_S"lj_^Jl j .jJLoj_^-j t oL»_5 ^j j_5s_U ^Jl 

02.5 y> jj^Sl j^\ jj\s tJ*^2>- y* i^_^_*xJl oLL^wvulj 

JwU/2>3 (_5-kj ^UajJl ^3 l*_O j^3 


(412) 


J 


UJJ 


4iLv^^/t>) jL^*Jl C3 Lo-^-vJ>“ cl)} ?jUAJl y> 4_Ld3 jJ$\jIa y* JjJjlJl I^Lo-Ls 
o3jJ <L~J>- ^j^SLxj (_£jj>cJl y (j-Jj>cJlj pL>J| CjI j.AsJ 

0 j^3 A\j .^-LoJl Ol jAojA < _4j15sj jS\y y& jUJl l)} . pLvflja.il 

j~£ yA$y jL>tiJI 4 -l L k L <Jl jlJJl oL^ (Residence Time) j_5^ 
(Vesuvius) 1 1883 t(Krakatoa) IjJLS'l^-S” cjLL^Jl ^ 5 ^) 

j^>Jl ^ (1991 c(Pinatubo) j-jjJLwo c(Agung) 1963 j_p! c1944 1 1906 

J_*_) dj! ^y/2-A 4_IjLa 31 JXj\ 0 j jJ j 3 y ya J_> ^ j . dj| y^ ^ygj JaA3 to 23 

2)l5j-Jl 2)ljji 2)lj . (413) ^l ^ Iji-5 40 y>*-> LJLp 2)LS’ j -JI y-^>- ciJii 


P. Cloud, «Atmospheric and Hydrostatic Evolution of the Primitive Earth,» Science, (410) 
vol. 160(1968), pp. 1135-1143. 

M. Landgraf [et al.], «Penetration of the Heliosphere by the Interstellar Dust Stream (411) 
during Solar Maximum,» Journal of Geographic Research, vol. 108 (2003), p. 8030. 

Y. M. Gorbanov and E. F. Knyaskova, «Young Meteorite Swarms Near the Sun. 1. (412) 
Statistical Relationship of Meteors with Families of Short Perihelion Comets,» Astronomichesky vestnik, 
vol. 37 (2003), pp. 555-568 (in Russian). 

H. H. Lamb, «Volcanic Dust in the Atmosphere; with a Chronology and Assessment of its (413) 
Meteorological Significance,» Philosophical Transactions of the Royal Society of London. Series A, 
Mathematical and Physical Sciences, vol. 226 (1970), pp. 425-533. 
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Lv2j1 


A^J- 


( 414 ) 


c3 ^J>cJl L^i '-/j .jliJo^l x_^»l^^ ^Jg.Aja 

Liji^Jl ol (Sulphate aerosols) Lj jS ISISj 


(1)15 2)jj t ^%0L ( J5 Lu ^jli>- ^j«o jL*Jl JaiLwvJo 

4-.la.sUJ L_*^oUj| ^LjJl oji l-^>uj t Ojj>c^>Jl ^4 j 3 J5>-L ^^vw<>UJl j>UajJl j-a 
L-^Ja-dJl £lL ^3j 0->*Aj^P 0«ij>- ^3 (_£^_>cJl jUJl As*Ap iiljwA^ .oLoUjI 
^Lp 100000 ( Jsi 4_>jj^ ol ^>3 oj-^>-Vl ^Lp 420000 <J^l>- ^ jJ>Ll 


(416)(415) 


(417) 


ijUl £L 


Lujlj jLjJI 


^ r 


Ip 800000 La jo I 4i*Ap 


jL-Ij3 o j-g-kl 


LJuLL-* j j^3 ^3 ^JUuJl L_La_aJl ^_3 L^_jwsJl jL^c-J^yi oUL^ o>L^lj^ coj 
jLp ^ o*>LL^/l 43 *Ap ^j 2)1 (Arctic of Fennoscandia) j 

LLp 22 j . ^L>e-s^>Vl ^*->y ^^wOwsjJl JaLljJl^ i ^Ualil ^3 

d ^ I J dw^d I ^ yA Oj^^d 0 03 Lj ^ ^ s»vw.Ow««sd I ^ ^ <-s-s.di3— I (d L^t^d I L 3 l-s^s* 

I ^Ap ^>j>jJI jLiJl ( /^s Jjl^jj JaiLu jILaj t L-s^o-JJI olplijJl 

^oUJl j^2_*Jl .jLiJl ^>jIj e-Ld o-L> ^j5LI 4_>J-Jj>cJl ^jLo^JI j} 

l_—L?JLI I j o_>*Ao_> j-P JwL^>- (_J ^3 Lyg-j 1 *iim5l (1850 - 1280) j.*.*. -*/?-! I 

jj_^a_*Jl jl^ JJ! ^ Jj jO J o'-S’j 

( J j ^ k;j .^O-ygJl ^jJl>JI j^2-xJI ^3 iilo ol5 L-a (1300 — 900) ^Ja-^jJl 

^3 jL*Jl . 3^jI ^Lodl l)L" t ^fdl ^2 ^51 jLp iiljA jli Ld5 4j| J»s)j>(J| 

L> oljOJl ^3 j_>tdl 3 jj>- J-& hLp oj-s*^oa>- LJuLoJl Lj jJaJl 


(419). 




jJj>jJl 


P. Handler, «The Effect of Volcanic Aerosols on Global Climate,» Journal of Volcanology (414) 
and Geothermal Research, vol. 37 (1989), pp. 233-249. 

K. Fuhrer, E. W. Wolff and S. J. Johnsen, «Timescales for Dust Variability in the (415) 
Greenland Ice Core Project (GRIP) in the Last 100,000 Years ,» Journal of Geophysical Research, vol. 104 
(1999), pp. 31043-31052. 

J. R. Petit [et al.], «Climate and Atmospheric History of the Past 420,000 Years from the (416) 
Vostok Ice Core, Antarctica,» Nature, vol. 399 (1999), pp. 429-436. 

F. Lambert [et al.], «Dust-Climate Couplings over the Past 800,000 Years from the EPICA (417) 

Dome C Ice Core,» Nature, vol. 452 (2008), pp. 616-619. 

E. Kastakina [et al.], «Interstellar Dust: A Significant Driver of Climate Change?,» (418) 
Dendrochronologica, vol. 24 (2007), pp. 131-135. 

J. R. Petit, «Climate and Atmospheric History of the Past 420,000 Years from the Vostok (419) 

Ice Core, Antarctica,» Nature, vol. 399 (1999), pp. 429-436. 
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J 9 I Ja^L^J d)j^L> ^jLJbj .jJj>bJl ol jZ3 <J^L>- ( J1 ^JLa jL>o i3lb& 
jl^CLb J j .jLwkJl Jj^aj ^LS"! j^>c-v2j ciU.5 ^jA ^Ujj . 0 ^Ji9 A-oLJ oLo-j 
. jJ>c-yajJ I -b J_) (_£ 3J I J-& J_SD 1 ^ 1 ^b 13 t jJ>c_v2b] I ^j-A I wb j-o L<aJ 1 ^9 j_^J 1 

Lo-a ^J_p 1 ^jjj-JL^Jl L) jLLl! ^9 jb>cJl ^JajjJl bd_^- ^9 Aj jL_*J 1 oL^*j jbll Cools' J 

L ^Lf. 0 J-A yyjji wbJ j jljJl (_£ jb>c-A (J J .JLp £-^lb!l (1)jJl A-J-P Cools' 

j_>cJl ^9 ^jVl jLbJl *UL OwbA Cools' LoJj ^JlUcbJl ‘AbAj'yi ^9 4_J_P jlS” 

^J-P *b>~lj jL>c_Aj1 ( j-a JbJl ^9 yj-l (1)1 ^-s^jl ^jLSJj jLAJ >^9 <• 3j-w2-9 

^j^53jj oJ_P OwbJ_P o!jL>cj2j 1 iilb& C-olS" 1^| AjI j+£> .^jA jJl A>LJa bbl^9 ^IJbsl 

IjL>c_Aj 1 21 iilb& d)lS"j .LbLwA 1 j^xJ ^bb (1)1 ‘2JJ3J ^jCo^9 C loJj Aa«~lj bb-9j ^9 
15 oLboLoJJl ^9 olSj . 1963 ^Lp aJ*>\J 1^9 L>-> t ( ^jj_JL*Jl ojJl bbLbbA> ^9 
. JboJi yji>c] A^ilS" oi^ ( VfSL> Jj • 1983 ^Lp LgbA <ul>L> tlIjLsx^l 

J^-b>C-A ^f-A ^->&Jl ( < Jj. ^jL> ^-A ^bbww-^Jl jUJl <_jL^-wvol l)} 

( j-S\Jj i J a-A 9 ^.Jl 0 jjl^ jL-P ^0 jljJl l*b& ^jL> Nj .^aj'yi ^ijbj 

(. Usui IjLp Li^wii Jlp^I ^j^>Jl ^_9 *>Lp J oLjJuJlJ (*_^-JL)l Jj-b-i 

^bj- 5 j-=r c^i j'jj-^' y 

La t bbljjbJl ^a ^>Lp 21 j 132j 164j c 194 ( J^9 ^aj'yi ^jli>- jL^Jl 

/ ^ioj^Ul A^cJiVl ^_9wJL9 (J^L>- jLjJl J 

jlblA (jl .Lg_pJ^l £-a ^JaLibj 0 j_>c«oJl j5 jA (J jj>- ^^wobbll ^UajJl jjwb 
wb^_)_j ^ ^Ij^^l ^-j Lb A-J-P LowA ^L5"l (^jJ>c^oJl ^3^3Jl ^Jb>-1^ ^1 ^<>yi 

.^wvwo-bJl ^UadJl ^9 oLJwboJl Jj\ ^jA o^Ul o3-& ^9 A^_oL>cJl y 1 


Snowballs and Spiral Arms iJjlH ftjiVlj gisJl ol/ 

bblj-^ibll j-^lj . 

(Neoproterozoic) dLjjj^jjj^jJl lji J*>L^ cJl 

.^Lp j^Jla 750 Jl 635 JJ 


?L*_oJl ^LboJl ^ a i ^_>wb5Jl ^LbJl ^ a j (1)1 LJlp 

*A>- ^aj'yi jlj ^9 A^i>-lboJ 1 


J. R. McConnell [et al.], «20 th Century Doubling in Dust Archived in an Antarctic (420) 
Peninsula Ice Core Parallels Climate Change and Desertification in South America,» Proceedings of the 
National Academy of Sciences, vol. 104 (2007), pp. 5743-5748. 

W. T. Reach, «Zodiacal Emission. I-Dust near the Earth’s Orbit,» Astrophysical Journal, (421) 
vol. 335(1988), pp. 468-485. 


141 



1 <~JlS jjjjjjS Jl oJ-L>c_> ^j»p aLl*-**')/! l)| 

c 9* I^I Jg_>- J-LP^ j_>c-Jl gjg. a»*j ^^JLwvw« ^_9 |j-_L>cJL« l» < S'^-S' 

40± <Lj 'j £±Lj ojl^_>- d->L>“j^ |jj>- ojL>- 4_>J-L>s_> La o^L9 A^9 C—>c_w^i 

^3 Ja^-A c 600 ( Ju3 % yi ^J-P ^Ja_^ ^ jSL^a ^LL>jl ^a 4_> J^ 3 

iJLL&j ^ojL>- ^ y>-\ 4_>jJj>tJ La oj3 ^3 L&J_*_> ^JJs-O t ^>-1 J_L>o ojJL9 
^5s_> j j jjj o!j_a^>c_^ ( j_p Awo-L*JI oLo'yi ^3 ^joUcJl ^a ^_JlS" 


(429)(428)(427)(426)(425)(424)(423)(422) 


OjUl J 


(Galactic 4_>^_>c-a o^Jg-j wLL>c2l]I ^1 ^X3l Ai>-L 

^UajJl Jj_>jJa ^Jg-Aj Lo j->^ ^3 ( /j-a ^*Jg-3 jl ^j.51 £->jl * 

^a J3j . Loll) I ^3 I^La26 AP^ J>Z ^J A LjJl t^j3 ^3 l^JLjjg (J 

_ w\_L>c_> J*>U>- j>UaJl 

^3j t ^UaxJl jL*P ^3 d3l3*)Lc>-l ^Luj L^i (£~^ Lo->jj **LLjJI •*— 

aLSLsL-<>J| 4-oj5dl A*-jiVl ^JJ>0 

^j2L*Jl joLi^woJ^ g-L^g..ail ^ ( y^>-jjJ^}\ jLp oLw*»Li o j^\ 

L>-l jj*\ ^ jj>cJl ( j^j Ao3L>cJl jJiJl AJ J^J • 4 '~^o^4>c-a ^ AjLLJI i ->j3 l to y> c-a cl)l 


R. J. Oglesby and J. G. Ogg, «The Effect of Large Fluctuations in Obliquity on Climates of (422) 
the Late Proterozoic,» Paleoclimates, vol. 24 (1988), pp. 293-316. 

D. P. Rubincam, «Has Climate Changed the Earth’s Tilt?» Paleoceanography, vol. 10 (423) 
(1995), pp. 365-372. 

P. W. Schmidt and G. W. Williams, «The Neoproterozoic Climate Paradox: Equatorial (424) 
Palaeolatitude for Marinoan Glaciations near Sea Level in South Australia,» Earth and Planetary 
Science Letters, vol. 134 (1995), pp. 107-124. 

J. J. Veevers, «Tectonic-Climate Supercycle in the Billion Year Plate-Tectonic Eon: (425) 
Permian Pangean Icehouse Alternates with Cretaceous Dispersed Continents Greenhouse,» Sedimentary 
Geology, vol. 68 (1990), pp. 1-68. 

G. E. Williams, «Late Precambrian Glacial Climate and Earth’s Obliquity,» Geological (426) 
Magazine, vol. 112 (1975), pp. 441-465. 

G. E. Williams, «History of the Earth’s Obliquity,» Earth Science Reviews, vol. 24 (1993), (427) 
pp. 1-45. 

G. M. Young, «The Geological Record of Glaciations: Relevance to Climatic History of (428) 
Earth,» Geoscience Canada, vol. 18 (1991), pp. 100-108. 

P. F. Hoffman [et al.], «A Neoproterozoic Snowball Earth,» Science, vol. 281 (1998), (429) 
pp. 1342-1346. 
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jJl c < Jj-Ul ^j^UI o\j c bills' <oLj y* (_£ y^j ^jLjlS' oL* y* 

<\j>CC--a ^ jJ>cJl jl*Jl ‘UlJlSGI y^^ (j $y5j .4jllxJl ySy J y- jjwb 

Oj^/23 4jLwyi2-oJl L^Jj-il j*j->«jJl ojjfc jjj Jj>cjj| Lg_L« ( Jw5s-^Jo AjLJlS" LoJ-^> 
4_0 ^ 4_*_Jo I jwLyg-J d^li JJ J C 0 j jCLwwoJi ^*P 0 j4>c^>Jl ^J.51 oljl 

. L&jL>cj2jl ^L*j 


Galactic Time Travel e*Jl 51 >-j 

4_>^>c^Jl £^3^1 Cw2>> j»lp (1) j-j~* 545 (J*>U>- ^~^<>-aXJ| jalikJl 

^ ■» j! (430) (Nir J. Shaviv) c-iiLi .^.^J 4lliJl ^Lp ^-ydslj .ol^ 

o^UiJl jj y <N>^Zj Oi>j d)l y j5" 

^ ^ 1 C w)_^c —)^ \s ^ C^^ 1 I 4j I L »4 ^ 3 

^_jLJa-jJl a _)1—p . ^L_p 1)j_L^ 143+10 L_aJ_^1 o!jj 3 oJ. ^ 5 

oljj 3 oli!^S-l (Jan Veizer) ( ‘ 432 ) j^jli <jU- ^jjJxJI 

4 JI j»*_i Ls ^3 jj^lj .jj>c-Jl ^L^SGl 4 -j-a1jJ! ^3 ^Lp (j9±135 

p I)545 _Jl cJtAl>- ojl^>cJl 4 j>-j3_j (_£^->cJl CO 2 ^j-° 4_i^Ap' ^3 L)wA ^*-5 

jlS” 4^si>LoJl ^Lp (1)j-wL* 545 _Jl cJ*^3>- y, j_>tJl CO 2 y>y>^A olj . 

oLv^lN j oj_o j-oLj y-^-i ^ —> 0^1 y° jJLS"! 

y,y>^A J 3 -I t ^Ip I)545 Jl cj*^+- <• ^Jl*Jl y,y^\ CO 2 

CO 2 j->c j>cj o'y o'yi 1 e5^ > ~ ^ ^23 UjJl ^^j>cJi CO 2 ^ y>^ 

^ (434). m x t . 

. <u^*i jj jL>cj>-i l y 

y°j y> oLoJLp Lo-Aj tjj_>lij >._<L_3L^> ^oJl^-I L«j_lp 

^3 c_3*)\j^“'yi ^^0 J^'yi (_5^ 4 '-^y^ 66 (1)1 Ij^Js?l C jtJUl y> <i_ljL>c^ 


N. Shaviv, «Cosmic Ray Diffusion from the Galactic Spiral Arms, Iron Meteorites, and a (430) 
Possible Climate Connection,» Physical Review Letters, vol. 89 (2002), pp. 51-102. 

N. J. Shaviv, «The Spiral Structure of the Milky Way, Cosmic Rays, and Ice Age Epochs (431) 
on Earth,» New Astronomy, vol. 8 (2002), pp. 39-77. 

J. Veizer [et al.], « 87 Sr/ 86 Sr, 0 13 C and 0 18 C Evolution of Phanerozoic Seawater,« Chemical (432) 
Geology, vol. 16 (1999), pp. 158-188. 

J. Veizer, Y. Godderis and L. M. Francois, «Evidence for Decoupling of Atmospheric C02 (433) 
and Global Climate During the Phanerozoic Eon,» Nature, vol. 408 (2000), pp. 698-701. 

B. P. Flower, «Warming Without C02 ,» Nature, vol. 399 (1999), pp. 313-314. (434) 
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i'yi 


^l_P (1)j^J-a 545 _Jl (J*)^->- Ojl y>c Jl 


o 


J_Lp c IaSC&j . ^JJl ^UajJl jjJ-L p <Lo j^\Jl 

oA^S" oL>-LL« .oL>-LL* olp ^Jw2j>cJ oj_p ^^JwoLSv_J 

.d-jlS" (Jl>Cy4 (_£l ^3 OjwL>Cy4 C^WWM-J ^ ji^Jl 0^ Udb 



UkJl jl5 


635 _ 750 j-bj j~* j-*-^ J-*_L>cJl)I cJ*^->- 

jLS'j . (Sagittarius-Carina Arm) LujlS” _ ^Iji ^ (^Lp j 

J^i) (Ordovician-Silurian) jLjjJlw^. _ aJl^J J*>U>- *ULJl liLj* 

260 — 300 ( J^3 Ja_>j m lx* j~t (^Lp 2)420 _ 450 

(L>jj2 ^1 j 3) (Permo Carboniferous) (J ^j J ^LJ^jLS' _ y, ^Lp jj-Juj 
jS o^JL0 j »2i—*—j^->c_]l ^_3 ^l_p 2)^—J->s 132 _ 151 

oUUxJL ((Scutum-Crux) j Jz _ j»y>^SL- £-1 ji) (436) S J>L r Ji\ (Cretaceous) 

Lo-jj i. ^ qJi j-w^LLj j_S” dLSj . Lya )' <L~J jJ 4 _j _y>*-^ ^j.il 

_ /»J_JJ_5s_^ ^djjJ J^j £_L?lJLj *_>0 ^JL*J| j_>cJl CO 2 jJy>s-a 

L-jjLS' _ £lji) ^ jIj-IjVI £-G JJ>j .^ r _S’j J _S' 

(Orion jj--i OjjjjO J_Jc>dJl ((Sagittarius - Carina Arm) 

JJs jJl>cJJ oJLi ^iSSlI 5_ytiJl ajIju jl lL*j .(Spur) 

. ^yjpli IS jj• ^y> <lyjSjl ‘Ladl'ill djUl^yl iCtylS" aIp jjjya 2.75 

/>I ^J-j»>dtJl yjlS (_£J_>c-a ^dj.5 jjJ_ yjl ij) JwA ! 

• ci>' J-' y- Jl 

(Gould’s Belt) jJ jjJ- ^y>- J ^^wo-AJl j»UijJl i y>-j ^Jl t- LS ~o-* JlaJ 


^ ^ -3 ^ ^ -v--Ow--y>- 1 ' ^__»0 Jj Jj ^ I 


-JL) 0 


(>° 


J Lo^_^J I 


N. J. Shaviv and J. Veizer, «Celestial Driver of Phonerozoic Climate,» GSA Today, vol. 13 (435) 
(2003), pp. 4-10. 

N. F. Alley and L. A. Frakes, «First Known Cretaceous Glaciations: Livingston Tillite (436) 
Member of the Cadna-powie Formation, South Australia,» Australian Journal of Earth Sciences, vol. 50 
(2003), pp. 139-144. 

N. J. Tabor and D. J. Beerling, «C0 2 as a Primary Driver of Phanerozoic Climate,» GSA (437) 

Today, vol. 14 (2004), pp. 4-10. 

K. Knie [et al.], « 60 Fe Anomaly in Deep-Sea Manganese Crust and Implications for a (438) 
Nearby Supernova Source,» Physical Review Letters, vol. 93 (2004), pp. 171103-171107. 
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04_*_> jl ^Aj tojJL9 .5jji C-JLsIjjj .^j^>c-oJl ^^JL^oJI 


.LawL^jI ^j-p 4 ^j^ 5 \Ji *yi (.j^^j 


^a c ^lp 


I ^T * Al { ^ ^S**S+*& L ^ l«P A.O I J»^W*> I L 1 »-Xj«^C^] ' Jwv£?l ^ J»P 0^^^** I 4_l^*A> I 5 ^ 

J^ij c (Huronian Claciation) (< 1 )LJjjj_a jJl^j) j>Lp 0 jJl* 2100 _ 2400 J^i 
X^^jjjj^jj-jj^l jl (Cryogenian) ^L^p jj^iCl jJl^JI) j»Lp 0 j-Jl^ 750 

£-j*j_*Ioj (_£j_>tJl J_j! jJ OlJ-L^Jl oJ-A ^ya J 5 J_*_j jlS'j 

jJj>tJl A ^3 JlJJj>- ^JJl CJjJl jj*-*/? ^oJ>o jL>cAjI iit^A jlSj .oL^>cJJ 

L*J-lp ^Lp jLJ-» 0 jjL 3 dU .5 *)C .^Lp jj-Jw* 2000 _ 2400 ( J ^_3 t ^jLojj j_gJl 
oJ_a (Jt)^- wi-L>o ijLwA . I J-; J-Jo Ls^Ij 2 j>oI ^ jj>cjJl cl) jS 2 > J -L *^3 ( jJ?a>u\ 

y ^- 3 ^-5 t ^LwJ^_Ul 1 (J^\J>- IjwQLlL jj^t- 5 ^^ 

olLL> a^- 0 y>v-lC*JZ <LdjLs li jj jj y^» ^J-A OwL 4_^9 LS" <Lo j-S" .t]LLA 

j j_£j ±SL^a jli'j . (Icehouse Conditions) oj_.lJ j 


jj-SC JJwO ^i_P^I j_A C AjUjJI v_^3 L>- (Jl_P 

olJu t c— ijJl dUS ^ .aLp 0 j-Jw« 750 J^_9 ^Jj 

U-;jj .jUjSn J5 y> oJ-i yi’SlI J_J^Jl j-*j <. (441)(440) t _ ? S'jjj J yj J jjy]| 

Li .a -s,^ *> jl t 0 ^5” ^jVl ^Lp 0 635 _ 750 -L»_L>cJlJI I J_a 

. (442) JiSll Jlp 

c-»l5 L«j-Lp t 3 wLo->sJl> 3 /j_SC ^_i_3 .4_1_SC^3 ^0j-<>jJi 15 —a 

<i li? jJ_v2j lLo 15 J .^Lp cl) J-d» 4000 ( Jw-3 ^ \j ^j-vw^-aXJI 

J_3 I Ojlj_>- (l)j-5C (jl (—tcl)^! yj* ^JuSl 4_LoJl ^3 25 

^J-P d->(lr^° ‘‘C^LS" ^ iil-LA ,a\S ^LoJl 

y-^1 jCfc-^^l cij y^Jgl J-4_s • aLp cl)j-J->s 4400 Lo->j c <l!_jL^ oLw« 


R. Marcos de la Fuente and C. Marcos de la Fuente, «On the Recent Star Formation (439) 
History of the Milky Way Disc,» New Astronomy , vol. 9 (2004), pp. 475-502. 

H. J. Rocha-Pinto [et al.], «Chemical Enrichment and Star Formation in the Milky Way (440) 
Disc. III. Chemodynamical Constraints ,» Astronomy and Astrophysics, vol. 423 (2004), pp. 517-535. 
N. J. Shaviv and J. Veizer, «Celestial Driver of Phanerozoi Climate?» GSA Today, vol. 13 (441) 
(2003), pp. 4-10. 

P. F. Hoffman [et al.], «A Neoproterozoic Snowball Earth,» Science, vol. 281 (1998), (442) 
pp. 1342-1346. 
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yj . (1) y-^ 3800 wL^5"bJlj 4 _IjLw*» oLw 4 ijLLft cioLS" 4 J! jJ 

( y^y % )I I ^i_P j^£y>- CO 2 ^ y^p J C 4JLaLJ| ^vw<>w*xJl 4_9jl JLa (. 4_9jIjLoJ| o3_A 

bj+j* ^ Jj^jJl jl ^ .(446)(445)(444 )j u ^jj 

jl 4 >L)wL> 0 jJkj Jj-&jj • cLIUlS” ( /j_Ss_> ^ l)I j-^AsJ jZ -Jlj oL_>cJ| 

tljljjL>-l ^JLlJLj owL^-JI dU-> ^3 ^J^sl ^ Ll?L>iw« jLS" ^^jVl c_^»S"^_S" 

^ JJii ilLj» jl5 <d UJ IJlaj . (449)(448) olk^Jl w>U~j 

3_^LJl (_5^ (3*iU?^l ^S- j» yS- iSlx* { j£j j»J L>jj jl 


j ^ |jti>- 1 I ^ ~y^*~ I 0 c_ ^ ^-Ow»n3 I < £ y.*.*) 

_ ^y~)y£^*>y C (Norma) ^_9 ^jjL)Lw*w4 dJJ.5 wL*_> (I)!t y*-*j* ^lj.5 

. (Sagittarius - Carina) Ll.jjLS' - j (Scutum - Crux) ur ^i'j^_S” 

,w\jwij>- ^j>s j ys^&S' jJlXA j y£c***>y 




4jy>C~6 iSsL^L^J 

>ikJi l_>- 4_j d-> l_V? Cv£? ^y£?j % yi V_9 w\_JL> 

JL>^>J C <L^wo-*iJl ^L^Jlj C (J^-^ t^-oJa^a c_3jJ>cdoj 

oj_A ,*_wO-^- (_5 ,2L>^J 4_>J j_l I d->l_s^Lv^^Jl ^^2_*_J (jl •(_> ojl ^^j'yi 


Preston Cloud, Oasis in Space: Earth History from the Beginning (New York: W.W. Norton, (443) 

1988). 

A. J. Kaufman, «An Ice Age in the Tropics,» Nature, vol. 386 (1997), pp. 227-228. (444) 

T. J. Crowley and S. K. Baum, «Effect of Decreased Solar Luminosity on Late (445) 
Precambrian Ice Extent,» Journal of Geophysical Research, vol. 98 (1993), pp. 16723-16732. 

J. F. Kasting and T. P. Ackerman, «Climatic Consequences of Very High Carbon Dioxide (446) 

Levels in the Earth’s Early Atmosphere,» Science, vol. 234 (1986), pp. 1383-1385. 

J. Veizer, «Celestial Climate Driver: A Perspective from Four Billion Years of Carbon (447) 

Cycle,» Geoscience Canada, vol. 32 (2005), pp. 13-28. 

W. B. Rossow, A. Henderson-Sellers, and S. K. Weinreich, «Cloud Feed-Back: A Stabilizing (448) 

Effect for the Early Earth?,» Science, vol. 217 (1982), pp. 1245-1247. 

N. J. Shaviv, «Cosmic Ray Diffusion from the Galactic Spiral Arms, Iron Meteorites, and (449) 
a Possible Climatic Connection,» Physical Review Letters, vol. 89 (2002), pp. 51102-51106. 

N. Marsh and H. Svensmark, «Galactic Cosmic Ray and El-Nino Southern Oscillation (450) 
Trends in International Satellite Cloud Climatology Project D2 Low-Cloud Properties,» Journal of 
Geophysical Research, 108 (2003): doi, 10.1029/2001JD001264. 
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*•+ « > C L^»wa> I ^ 3 t ^3 I yy 3 LL-A L^o LL 


.LpUjJI 


(451) 


C_£>e_*5l 4j>-jjJ L5j5 ^3 a\J>- I JjLoJ I iUSwsLjwUl oLLo^Jl 

d)L*u^M L»J I d)^Jj-U jld)| 4_LlJLJl jJi Jl d)| 

L- 'y I dj 15^>c-oJ I l^e d) 1 jj I ^o Lo-> ^5 L> ^Lp 


£LUJ 


^yJl (RSS AMSU satellite) oL*LS ^ £_5>lj Ulaj .Li 15 i jLipI o^5 
p^J l ^_Lp c 1998 ^»Lp j_l>3 £_aJj-* ^-J ‘LwoJL^Jl ojl jj> 5l d)l 


j-4 


JkJ 


LJl I La (1) jJUl d^L^Ls j^oj . CO 2 d^LL-ol ^3 ^oJLwv^Jl ^^5^1 3l»>3j'yi 

jlwLa ^JupLL (^wvw^xJl jjjJl c—uL j) ^IjwoJJ 5J_>c-a ^_a| ^->Lj • L/ i -L 

4iL5” J c c_-5lj5Jl J5-I3 ^^JaJJc<5l jL>t^Jl ojij t^^wo-LJl LlLjJl ^0 

0 La ( /^s ^55 ~L jjj J ^j_>cJl c5*L*Jl ^3 ^j-JJl ^-LLpj j5Jl ^L*-LJl 

c _J ^i ^7jp ^xJl 4 j ^>c^)Jl ^iLSUl ^1 j>sl ^a>I jDl 


f 


LLajJl 




^3 1 (J^j>- 


JL>^JI 


L^w^o L^5 L>«j ^ 1 ^ L?— s. 1 1 ^.l ^.A) L»o a»^p c I ^l^ - ^ 1^^I 

^La^J^l I La jlj .Ly^Jl J*>L- (Interstellar) ^Jl jUJl ^ 

^ _>^-5ij ^jjl jlLL ^3 ILpL5j ^cJU-) 0 jJa3 ^- >cj (.^i 

jLp ^J-Ls L^-3 4jaJg-L^ ^3 L)L>- ^*^w<>-*xJl j>UajJl .^-w%wo-w5l 
« L^i ^l-P’ (_)^»L^J ^ ^^51 ^ L^J I C^. A.„.,^r kA^wJ ^ ^A«-lj ^1^^ 


f 


IkJl 


4»oj-^Ll 4^5^! ^j-ygj Lj-Lp (C 14 ) ^w23 (1 )j_>j^Ll j5aj cl)j5L 

^ dr^ oL*_Aj^3 C 14 JJ ^Lj| cJ(_5^ 

(jL>t-o -Li- 0wL^*_i ^jLL^ t l^jsjJ-5 15 

(_£j_>cJl c_3>LiJl ^_3 ^jLvjJL l-P'jj->> ^-w2jJ C 14 J! j_*ULLj L> jLp j-^J •cJl-P’ 

^jJg-yaJ Lj-Lpj .LpL-J^I Ja5u d) j -> j % wL^5I U ( Jw5LuJ ( /^>i^5'yi 

jUI cJ^->t5 ^ 5 cL^-iJl ^3 jj>c-Jl 3 I 3 jjj jLiJl oL«*>j 4»o4_*^i'yi 


K. Scherer [et at], «Interstellar-Terrestrial Relations; Variable Cosmic Environments, the (451) 
Dynamic Heliosphere and their Imprints on Terrestrial Archives and Climate,» Space Science Reviews, 
vol. 127 (2007), pp. 327-465. 

^AjLil 1^.9 !_<*_) t 0 j^sS y^- ^_3 J_> C (^£yJ^-\ <U_)^5Jl I ^J-5*-J_> L^JJwP (452) 

sL-?*- t. a ../?i 14 oj_>j5Jl (^4j . n + N 14 = C 14 + H 1 2/'- ; —jjJLjJl oUj^J- pLaxJj .oUj jJ j_jJI 

.£~- 5,730 
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(Beryllium) j ../? i j: lai ^1 J ./? oQ jjjj-Jl 

(Aerosols) olSIS^JL aJ^SUI 4j<oVI Jj<-L ^>Jl ^ ^uJl Be 10 J—axL .Be 10 

j—lj_*j ,^^-Ja-aJl J_J_>Jl ^-X*.^j 

1990 j»Lp JJw^ Be 10 ,j^?_aLoJl . <L->j^Jl 

C 14 J ^j-oLi ^ia^o . ^o2-ol)L Ls^jI |j-2s jJaCoj to^ojJl oJ-& J*)Aj>- 4-ojSU1 

^_9j jLJJl j Be 10 j Cj->JIj tjL>c_-J<Vl oLa_5-j t^jj-a-^-VI ^3 

C 14 ( j-* Jo^os ^J5\-J2o .4 -w^LoJI 4-o 1 (, aolJi 43 L5 ^Jl I jZZya t J-Jo>cJl 

4-oj_Sb)l C-_*o ^i_P Bj^li j-^J 4-la-s-*Io j-^P I (jj_S\o LaJ-lP Be 10 J 

d)j5oj I 3 j-o->cJl 4l-«j'yi oJ_A ^3 ^ j-5Jl ( j» Jo ^JlSoJJo Lo-S" . I J—*o 

3l j_oJl ( j-« (_£J-a Be 10 J C 14 ^j-o ]j-^“ 4 _Loj 4_3*)Up iiLl-Aj .3jol c_—S"j_S\Jl 
ol>jjJ 15j_>co3 (1)15 JaLJLUl j! los 1 4-oj5b!l Sjl^>cJl 

3 I jos ^^-Lp Be 10 j C 14 oLoLi oj_g_la! J-5j .^ 453 ^^5 jV 1 ^Ja-wJ 4_*-oaL<3 ojl y>- 

^ I 43 UaJ I ^Lo ^ yA 0 — 1 1J J 3 J tO L-m^.Ow>-*J ^ —U I e 3 j_J | 0 — 1 1 *P ^ 1^ 3 J^O 




(Jlo>c-oJl CjI j^-xZ ^Jjjs ojL_L<o*o 0 Jji Ja L-jjJ 1 4»^pL*_2M ^LoJl O jOU Loo J 
-vOoJsJ 1 43UaJ 1 s-Lo oIp! oU-bo ^y* 3J-P ooLUi>-l t 4 -Jlpj t^aj^U ^Ja1 


^Lw<Jl j-o 4 oo5 L>^3 ^_p 4 _£*>\_p dJJU^ .Be 


10 


j C J ^Jo>iJL~w<>Jl iL^s^LoJl 
iJ j-L-k (j- 4 ^*-*o ^jo^j^l jlJ-« oLJuJu Lg5t^jo^j^U ^g^UaJ-x^Jl Jla^Jlj 
^i_Pj ^ la *-> joqJI Jlo>co>Jl 5JJJJ Looo Ijjis j-5oj t^j^j^l t_J 

Jla^Jl ^_3 I j^jtZ (1)1 j-^P 14_^_oal<4Ja_pLva *Lo>-lj->3 4-Jl oJ-2s d)l ( jOs ^_P^Jl 

^ 1^ Jo (J 1 l^SL*o ^ U1 4-oj_5Dlj w-s*-Oww»JI o3L^J 1 j!Jo2-^ 


^J^oJo ^LwJl ^3 j*yi ol ^J>U JU^JJ ^j5-oo 4 jLs 4-U-P t ^j/aj'y 1 

^x5"! iiljA (1)5 1 1945 a Lp I Jo (_£jJl 4ojjJl 4 J-J 0 UI jLjj>-I JJ»j . ^-j*Los 
.ojl>ta>Jlj t 4ot oLaJl <• J^f^l Jj. C 14 oiLval (_£jJ IjLla-l 2200 ^jos 


G. Parker, «The Sunny Side of Global Warming ,» Nature, vol. 399 (1999), p. 416. (453) 

K. Mursula and B. Zieger, «Long-Term North-South Asymmetry in Solar Wind Speed (454) 
Inferred from Geomagnetic Activity: A New Type of Century-Scale Solar Oscillation?)) Geophysical 
Research Letters, vol. 28 (2001), pp. 95-98. 

V. Courtillot [et al.], «Are There Connections between the Earth’s Magnetic Field and (455) 
Climate?,)) Earth and Planetary Science Letters , vol. 253 (2006), pp. 328-339. 
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4iU? jl Lo! jJI) j>Lp 12,000 C 14 j-JcJ JaJais- I 12 

j»Ip 1000 Jl .j*SSj I c->j-^aJ ^1 <Lj jiJl I (jl j! j^kSj 

jls* c (^.3*^! jJO ^JwaJl ^JLli-1 ^s<a*Jl ^3 tajL jJ4 jlS^ U* 4*1 Sj-^lll 

t (Sporer) t (Wolf) ^iJ jj (Oort) ojj! tails' ^3 JaLiJl ^ JJlS JLj& 

o>yVl) UJ ALojI c^waJlj (LJjJ! a>- jjJ! Cj\ jS (Dalton) j^Jtaj t (Maunder) jJb jU 

.o j-jw* c-AisC) (y^ y i j *c>5 j i ^ o 


i^_^_*xJli .<=-Lyg-A.11 ,^\ j-jgjJL) Be 10 j C 14 ^j-^L^- 3 cg*)LSL2 L>j 

c g-Lyg-J 1 ^3 (1)LoJ-bPj ^1_P laJL^o d)l g-LygjJl ^3 APj^J»j 

^j-olb-Jl (l)jj .<^_£bJl ^3 o J_> Jg>- JgLLJl <UpL*-jJ ^jUaj jJ<LojJ A_*-j<L ^_3 Jj3j 

^3 I)j_SLl<JI Ti 44 d)l ^3 A^dJiJl oJ_a cJL<>j>- . jj UajJI oJ-& Ag-I (Ti 44 ) 44 

^3 Ti 44 jIjJLo ^Lajj .^/?j*yi ^.Lp o2> ~b?- 1 ollo^JL jJljL) 'y g-Lyg-a.1' 

iaLlbJl c <LwgLJl 240 Jl ^j-JwvJl J*>L>- ^yp oJ. a ^ 

JgLUl jl a*wo ^ Lo ^^.Lp t I .Jg L»^J I y«j Li»o t I ^ ^p Lx_>»J I 

. <L-ygLJl ^Ip 100 J>L>- ^bljJ 


y_3*)L*jL> ^ J-lg-yg-J Lo J-LP LuL> J-g-J Aj ^J>S-bb>3 C-jLow^-v-g- A-O J_SsJl OciVl yjJbo 

L^-yg-*-) £>3 £^J>zSJj g-l j_gJl ( /^0 g-L<Jl Olo-^gJl oj_& t*_gj_>cJj .(_£ J->Jl 

Jj>“! ^J-^yi ^3 A^oJ-^Jl oJ-pLwvwO «Loj-^P c_Ab5Lo 


I. G. Usokin [et al.], «Long Term Solar Activity Reconstructions: Direct Test by (456) 
Cosmogenic 44 Ti in Meteorites,» Astronomy and Astrophysics, vol. 457 (2006), pp. L25-28. 
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o4_> y> c-oJl JJ jl5 LoJwo c oLoLllj c <1)j j3y c ^jJLp ^^1-P j-£ H* 

cjlix* ijj . *l5s^jLs!j.} jUI c (JjJp! ol JX3 cJ*^5- c I 

J5LU dx~_^ (Wilson cloud chamber) <jj-~Jj p 4 J^_p dlJS ^^Jlp -Lu> 

. ( Lp ^JwL>cXj La jxp L<>-^-v->cJ I ^Jw*j2j U5) ^u_o_^p I j HI L^s Ho ^5d I 


JpLHjJI 


t 4 


VI 


^_xJI <Loj_£Jl 


■>Jlp 


Ho ^1 H*-JX V L) ^_3 JjL j5 

.A3 jZj>xj d)l <Lo j5sJl V Loli J L^^JaX*-a V H>t>s j3yjy C lwL_*_> 

(1) jS^sSj c ^JL*Jl ^w^xJl Jp LxxxJl ol ^3 JtA5- lwL_*_> 4_o^5JI oU>^^>cJl ^_3 jJL> 

« ^ ^5 ^^/?I Ij^-X v%»»a 

^..Jalail ii^ 
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_ 40 _; Jai>- oJ^*_i JjJgtL* ^3 ^3 «U^L>cjj cuLs^l^1 j-«l 
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/j_>3 L^Li Ijl-o L ^_s < _3~a_a_> c 4_*_jl_ji I c-4_v^i ^~p l)| 

*>Ly23 . ^^^JaC*^J| tjL>c-4 iwiij ^iJl t 4—^LjJlj C 4jj^>c_*iwoJl 
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d^l^5 .lJLca cliJ^ 


d—*—c> L>-5" .^J-^Jl c_3 j—^5\Jl o /?-3 L> ciU^ ^3 j .LxI^Lw^ 

cJj^M o jJI ^-cJl i?LlJJ i)\S jJLJ .jJLp ^|S” jl o^ ^^_aj 
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■Ij c ^jJa—*ij_> 4_L>J^s ^jli>- JgjJgj>- C—Ua_*_j LaJdP 1859 
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d—Lla-dj .iol^d^l JjildoJl ^!l <d j^>- 4-JLa C—dolj c jl>Jl 
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(Aurora) L^Ja^ LajLj^ ^1 L>c_aj a^s^L*JI 


|t—> ^-tS"! A-la^JLj 4_JLo-*xJl jl 


^2JL3 


<1j Lia-p*-I ^Ju>c_~<» d)| .L>^Jd>- c-4. 

^LJ j-A A-waj^l o^_S3J ^JLo-JL)I ^jLyajJi ^ (jLLi'yi ^IwLp^J JojJaJl 

jj2*zSj . ^tu»JL> aJLjj t jJL*JI ^3 ^LLj^VI ^-^<>wsxJl ^_a jJl JaLJijJ 

^ jL^Aj L>>4-l5LJj <. ^ j>j-wL_^Jlj ^jlp 

’L-wvo^l J»*_>j • oLiJJa ^j>s LL^wvol iiLwA d)l j*s> . pLygja.1' 

g- L-yg—fl-l' ^ I ^y >jYJ *—9*>VJ<Jl ^1 ^j-iJl 

. <da£-Ld> <Li>-ljLa 4 jj^> iJ 4-Jl ojJlJl) 
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3iUaJl 
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-'—V^ l - /? ) ' I J ^ ' 


yL*~}) Ojjjl (l)i j*-£' jJLwJl dd)^ ^9 Ojjj*)/! ^LkJ' 

>1 j_oJ!j i iJlS'jJl cjUIx-oNI j t d™odLJl cjIjjjJL Lvij! yid 
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i_5j-2 oJ_Ji ^9 olJ))j • j^xjj 
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i_5jJlJ| jIjl>JI ( _ s 3 (UV) oLS ^9 ol 
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<_3*!>L*Jl ^3 J\ oljLoj <_£jj>cJl <_3I ^xJl ‘L^a^-JL)! ^SUaJl j|jJL« 
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ciLjoj-^5\Jl oL5“j>s ^3 o(UV) _Jl a3\]p jIjJLs j^xjj c ^ 

i. fljlSvJ jj 3J-P ^3 IJ_A jjjjj . .Ja^>6^Jl j ^jJ>cJl c_3>L*Jl ^j-o jj>cJo I 
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Lo*jJj (jjjjVl 4_aJ^ t,_ JLj Lj) C (,__a^>c 3 ^-LuJ (_5^J 

Ly2jl 0j| ^>cJ| 4_>-j3 ^3 
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^ c ^ L^^.' c»<* ^ L^_o c 1 *a/?p ^ ^■0w-»n2 i ^ vo»j U 

C—>s_j l_A J_*_j ^vJ_>tj Jj5 j .4j>-t)LoJl <LoJg-)lj C *L^PLjg_yg^ 1 jLo-S^lj iCj 

.lLowI>cJI v_31 j]p\ ^_oL>cJo y>sjj £'j-o-*xJl e-lj-v^l 
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^_p djLil4_jjl j>- <zj LjL^vuI o^Lj ^Jl I 

^ ^ vw Jg^x ^oJ' J I ^ ^ 1 »p I -3 * ij ^ ^ *^«—' 

. o oIjAjAj ^cJUj ijl>c» 5y>-j 
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. L^ r Jg .A^ 1 (^ 

LJIp C i^JJl ^3 J jJLJ 
d->US'^x>Jl ^J.^/g.3 ^Lp Jislpxj jl^S” ^ iL^-P 

jsy* ^y* OjjjybS\ oui*-oi jbb Lo-5" ^3 c-aj^'yi oL^5 " ( j_p jjij'y 


i^Vl 4lkJl 

L&jJ^_> ^ 11 o>lJ 


yua^Jij j»^L^Jlj Ji* 
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i3^y l>c_oj 
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^ ^ 3I aJ I c 3 1^aL.I 


d4j jJl J^.,3j l ^L>^Jl ^3 IQ d)^j_>j«jJl cj1 ^c -XJwoJ 
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J_>C_> Lo-^Jw« J 0^ ^Jj>-l3 OjL>cJl 

(Sun >._ h\S ij^Ju ^1 jj>cJl <1)1^^^ c 4»1 >jLS" aj^3 L^Lp 40 

^L? ^ ^^Jlp ^jJ^lj 0j-o j-^JaJ 4j^ta cJJlSDIj) Spot Cycle) 
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^ iJlii! ^3 ^CoJl 0.35j t^JLoJL)! ^ iJttJl ^ jdc<Jl ^ 0.75 
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UajJl c-iJLoj . (517) L4 j>t 


iaJ^ e-lJaJ>“ ( ys 4la*.*» jJL« J^JaLwA c-LLS" £_sJJ Jj 

. JiUl jdjaJl ^jLaJ ^liJb^l iJlfc c J 3 UI ^l^>Jl aS y>- t p-I jIUa^J] 

iJ^>ljj>cJl 4_S" jj>- AS'j+j* old <—LLSdl ,1 ?LJLl> ^ljj>cJl jJ j 

iljj>cjJl ^L*_> cilJdjj .L^jjJj>- ^jjJJLp J^3 c-LLSGl 0 j_& JaLdu oJ-JL> 

. t 3 i ^ 11^ l_wwj t ^3 ^^ 3 1—JI ^1 

(Global Oscillation 33 ^ I <L)> ^^iL 
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l J c Jo- j J C (^^JLoJl) L^JwO 4^wvwsJjJ| v_*5l j^Jl (1) j5vj J 
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/ ^ ^1>jLp 11.1 JS ^UajJJ io^UfcJl ^5 "jA JjjdJ ^vwo-dJl d)lj 

aj>sj*a L>Lp 11.1 ( Jw5" jjdJ Lojt)LJl oi ^jl^uJl dh^JLs'yi IJ-& j 
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e-\y>-\ ( A_lJ ©j_& olj-^xJl jIjJLa jj .a^pL waJI jL^-sVl <JL»-*jl^L> jL) ^j_><Jl 

jli <U_Lpj l 4 JLL 2 JI ^jjs ^LjLa IjlJl^o j J_v2_j j 0 ( /j_5\Jj C JaJLs AjjJUs 

.^jVl ^ Ij^S" IaAju^JI ol ^JcJl oj_gJ 

«^ <^j1 ^ j L^»»^o c ^ 1 ^ l.li? •> 11 ^ o^mJ ' L^—U-p 
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L^JLP j^» j c ^^vvw<>-*XwJl ^UajJl aJjlS" ji ”^-0 (J^j>- jl^^*A_]l ^3 
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j^ ^JJ.a-Lp^^l lj-&j . CO 2 j J l* J ^JjLia ^jwoJl ^3 aJ jj\ 'y jl ^JCJLwvO^ C AXxjl 
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o j-A J*}L>- ^-s»vwo_Jo jl j *>~I d^l^j JJL LajJj>cJL^i| ^jJl A3UfiJI 2)jlj-J ^oUj d-*Jft)olj 

. ^ ^*)Lx3 Jj>-j Lo-a 0 jJLp j^wii Jil 0 ^xiil 


30 Jl j^>- . i jJfj'^k] (j^iL>- ^1 AillaJl jIjJLo jjt ^^w<»»jJl Ooliil olj . 3 W/m^ = 
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^aLI ia.-.*-jjLa l)I_j .^Idl ‘L_w^L~v^- (_$A-ll j^lL^Jl Jl ^0 j_^j ^-4L*Jl 3jlj^ - ! 
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^.Ljws^Jl ol ^j-oL-3 LlSCoJ taLs 
^J-P IJl>- oCC>1^^LxJl o-La ^jLo ^j-oL*3 ^^o-> ( Ju£ 3 C 4^-PIjJg-yg1 

c ^j-ajJl (J*)L>- Olj^»*xJl oJ-A jjl ^5X3! J-£j (l)j3 {j-* ^-*J •*_-d ^4>cJl 

^-wvJJa'yi Ja^>c-^J' ^J-i_^i! ^3 4_jJ-J->cJl jLgJl l^xJa A ■>-»! ^xJl .^1 ^-oJl cjLo-*JC-aL> 

l^-yg-*-> ( /^P -L*—J £js| j-oJ OLLLp ( /j-a ^1 j-oJl 0 J-A OpL>-J .^^JLo-aXJI 

31j-oJl jl-LLa -L>ljJj .4-0 jS Co 15 OljjjJl (1)1 ^J-P (J-L La C Ol^X-aj-LSLJl 0-3^I 
Ja-o>c_^Jl ^3 Ljj^- J-Jl>JI JL^>- CC-sUg cx^>- t j»Lp 1500 J.S" cJai^ ^.xJ! 

.4X3 j-a OjL ol^X3 J*>li>- 


^i'ljiDJ (Combined Angular Momentum) £-o->^J! ^jljJl iSj^ 

^LiajJl 4 JclS" ySjj* cj^_>- ^~*-<>-clL) ^.JgjLLod! ^!*LoJl c *L9^C>-*»J! *lo>-jL>c_]| 
^-wvwJa_c*-aj j-xSLJ^/l ^LcJl j_a ^ _5jc<>Jl ^wvwo-cJl JgLJLxJl (jli I-lSLaj .^^^owcJ! 

^/2jLo 2J>- _^L5”1 .^-JaXJoaJl J*S* ,^~-<aw*xJ I j! -La o— mJ 5_,UcC^I ^3 ^-o>-lxJJ 

L^P «.**..o ^C——N^ Jg _— a o -0L>c-a ^ ^ -A^ ^ L ^ i !' ^^-A 4— .— —Lg -*.^—Ow—' 

^ J lP cJ —L La C L ^ i ! ! 3-Lp ^ yA 4---—s^ dg— ■- ^ j-—■<>——! Aj ^S>- —L ^ j-v—o—<-%L! ^t 1? * *) 

^3 j JC^.J j o_5L^Jl ^A J .^po>-Cjl (Jj-o-P j-L/2_> 43 II 2 JI ^j-a 0 ^oULa (j! 

^j-a 0 ^X3 ^3 ^L-oaLoJl ^^j-wwvox^cJ I ^j-JwwvJl (Jt)Li>“ ^jL^o LcS"j .LaLp 11.1 _J Oljj3 
( J-S" ^3 o_Ai-5LJl o j-^j •(_£ 4-o>-lJ y* ^^UJl j— p j ^JL*Jl Jj?L*LjJI 
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^-ol LSL-JLalj^ ^jS\ tcoLLSCl iaLlj jL^Jo La-C-pj .(Suess cycle)) 

.4_-^2>L<Jl 10000 Jl o!jj—Jl J*>CL olj-a CC-o-L^>- o^JfcLk o-L& j c -C^ 

( /j_o 0 j_>colJl i-_-w-^o C I-La! 03 j-*-> ^ t-ii-LtfJl <^LJlP ^-Jg-^-a ^_3jJoj 
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^jjLvvwoJl <w2jL>c^ 3 ^• cl ^24 4C> 

.^jbu ^1 ii^oi IfLa ^Cj ^ ^LyCljl ^Jl 

iiLwA 2)jSb> ^c>- ^iUaiJ ^-v^owjJl ^bo ^3 j^S' ^-*J ^jj>-j c-^-LlaC |j_A 

.Jg-ii3 Jai^ 1.5 1 jlCv^L* ^-**-^~c)l C>j_v 2_3 tabs ^l Ca ^3 J^^-P j_il 

j_v2_*Jl 0 ^JLaJ Cg-ibJCs 0 jJLS ^_3 J j_^_i c_3 j_»^3 C O^M ( J^31 £_j jJL* 

/ jjJjLa) ojUl ^wUia>Jl 


(538) 


Ol J —> 


< m Ji\S 2)1 ^5 j_j j 

(539),-, 


ojjwUl J>bJ>- 

cJJlS” 2)j:> ^ ^ Lc> 2008 ^o^/JjLj 27 ^ lJU jlSj . wyj 23 

L-/? blCj I cl) ^Sb^Ai ^a^jCJI JgbJcJl ^3 da La L>cj ^1 2)1 cLU-3 ?-Lo~Lp .<Ca^^aai 

toLs-cJ^I lc& ^cd tajj .24 <c~wo«cJl ojjjJl ^jja I^j_i td_lS\Jl JaLio ^3 L*_>^a* 
d_LS\Jl JgbJC jJ>4 ^_01 jwUjU (Jj_v2_a- ^j_5s_^woJl 4 _jJ JULc 
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^_Lp ic>~ ^jL 2^*J 23Ldk 2)^_52 -^ai d 2 )_^^j>-1 . 2030 ^»Lp cJj_L>c_> 

, (542) (1715 _ 1645) Lf J^\ jJJjLo jl t (1825 _ 1795) jj_Jb J_L>. ^jSfl 

C dJLp L^3 oLwo jdll Cols' J C C/2 j2j>coj Ca j ^ I oi-ft ^3 0 jl ^>cJl 4 j >- j 3 Co lS"j 
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.Lb* c-jliJl jl J4&J (<>Vl Lr ~»^JI c-jbJl ^ :13 JS^JI 

(*“V^) V—* 1 ~ 2J1 c-i-L5sJ! LaJ-ajlo j^Sv-j jl d—jliJl ^3 j^JcJI l-L^J j 

. JoL-VI j*—*»jJl ^ ^>e-y^23j 22j 21 oljjJlilj .(J^~-VI 


^^~Lp ^Ij 23Ll& c LjI jp*- IjI j *>~I Ol wU'L^Jl 3 Ullp*!AJ 

jl jj& t (545)(544 ) L—jj (Pulkovo) jij-SLL i^uy jJLLaJl <^LJlp ^ 
. 2015j 2012 ^-aLp ojl^jsxJl oL>-j3 ^3 l£*la j Ls^Li>e_>l ^2>jVl 


W J*' ^ 

. 2060 _ 2055 


^Jl _p- (Deep Freeze) J~o^ -U^J ^Jl Lj> t2040 Jjl>o 

(549)(548)(547)(546). . r ill* II I , _ i. . ; 
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0-l^>c-^j .j>Lp 2000 ^iS"! Ll* a^^>LL)I cLLSDl O-S^p 

£_>LJ! 2)^JLlI ^3 LLLaJI ?-LoLp ol^l o>L o>t-«^l l)| L>^ .1—^1 ^j*s> ^3 L^j-p 
Lp . L^J^>~ aJLo-*~« o>Ui^>-*!>La iiLwA ^o*- <• jLLp 

1 1647 j»l_p (jSlI dL-Jlj_p) ^ (1687 - 1611) (Johannes Hevelius) 

^Ld^ ^ ^ .^LLaJ' — /g ^ i l ^1 j!-A ^^p 1 ]g oL^^cjL^ 13^—** aLS” aS”^>- 

3J_*Jl a_£*>Lp 1 1801 j>Lp t (1822 _ 1738) (William Herschell) ^_a 
^J—3 1776 ^ Lp I o-cd ^ ^3 ^ ^^**-^-*^31 c— a. 1 ^(J ^-—^—3' 


Mj .(The Wealth of Nations) S j jJ ^jLS ^3 t (Adam Smith) 


. <. _ >^-j>cJl ^Lol^ I c_a15" i j*j c oJ_p jpl^igj ^ apIj^JI -3j” :>CJ 


A3 


*L*Jl o-La 


JgLLu O' 0 ^ i '-JL>J-'* 3 A3*L-P L^Lp 150 ( J-^_3 0j-3l LLLaJI pLoJ-P 
^ (D. E. Hutchins) jjojla .1 .3 j-fJ^I JLij .JJ^Jl j cLlL 

(Cycles of Drought and Good LJL>jil ^ j3>- ^3 SJ^eJl j%-*3j^3lj olL>Jl oljj3 
JglJD ^j-o aOjIjjl* a£*>Lp 3j_^-j 1 1889 j>Lp jj_JLLo 3I t Seasons in South Africa) 
L)b j^-J tjUa-«'yi Ja^LwvJ j c ojlj^>cJl Ag-j3j i A^*woL3l t-LlSdl 

t,_3jO l^li c 1843 ^»Lp ocJj^ a~-*w<*-L 3I cLLSLU ojjjJl A*—LgJl 

(Rudolf c-aJ j jJg jJ j .(1875 _ 1789) (Heinrich Schwabe) 

o jJlaJLj aJLLol* (j j_S(j *a_3 c_a_L5sJI L^Lp 11.1 _Jl ojj 3 ol Wolf) 

.(o 11.86) ^ijjlJuJl 

4_aJ^ c j-^ 3 j-W^" 23000 La^L? e <. c_i_LS” 

^-Jg-X^a ^la^jj C J^a jfS 400 Aj^Jg-ll 0 -La Jj-o-p . L-J>-jL>- 


. L>jJLa Lp-j 3 6000 AA-JgJl o-LgJ Jj>Jl jj-p ojl y >cJl A^>-j3 L) J&J 

ALLS' Sjl^->cJl aj>-j 3 o . Lja^~j 3 4200 <vg*- ^ jl>Jl 




oJl^Ij 



cJL>c^ iil-LAj .Ajj_Lo A^>-j3 4600 


cjtL? 

oO (<-«aLS" 3^j2-«) 


C_aL5sJ| AjjLo» OljOw»> ^3 AaL>cJ1 ^-SLOj I AjLLS" j^-sA 
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kLJtjJl s Olckl-S" ya J_>^>s • iS j3>-l 

^ UM^ J J.</7.l C w\_J | iwVsO _) L^A —C^P ^ . wU | ^ ^ w-O^l l ^ ^ .«.-V. *■ O^l l 

(_5^_3 A-slkJl wL>^> L^-^-3'j_? t ^^w<>-*I>Jl ^f-lg,«*» ^JLS"! a_JLp Aj>-j J_> aJ^j>e_*Xw a 

(Polar Auroras) Alkali ji-Ul j jiCj .15^tSl j a^j^oLJI 

^j- 4 < Uvj<l)i ^ Lp^-'-^’ ^2bl k^5" ^-Lp 

.1 ^JtS* ckiSvJl .3J-P L^i l)jS\j ^^ c A^-j.3 40 ^P k>- L ^ > ~ *1 



A^ c jull ^iajL5 ^o a^oj! ^a ^ v»o»^wJl i^jLiiT 3 »Lp ^ksjj! al«j! ! 14 ^Jb^«jd! 

^I-LpI) A^a-gj>cjJ.I cjLLS* J?L%£-> a^ojI ,j^SC L^j^j c LwwwmJ LajL*-v»<I ^3 Laj>c_)l^ 


LmmwJ A*JIp ^3 ^y3J3j Ai*oj! (<WaA>cJA 


o-S" j_j c ckkSkl ^wO I j ^ *X> 25 oJ_k __’ 1 j 1 iik_A 

ojj^j ((Schwabe cycle) ^>1 j_k ojj^) j>lp 11 Jl ojj^ <jj-i (Superimposed) 
jjkjS jj^) ^^jk oljj.3J (Hale Cycle) ( JwwA ®jj^) L»Lp 22.2 

(Gleissberg Cycle) ^^^o^Lp 5jj^j cULp 33 LaJOjI (Bruckner Cycle) 
210 L^JwU (DeVries Suess Cycle) (J ^j_~oyLp ojj^j cLlp 87 l^JJco 

^^jJl (Dansgaard-Qeschger Cycle) - ^jLk^Jb ojj^j caIj_pI 

^2-« L* ^^5 ^LwoJl cuS" 'j>- jJl oljjjJl o)j .(^Ip 500 ± 1500 
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cr-^J • ‘ J-r A 3 v'j^ 1 S JJ^ cr^J^' c5^ 

• I i ^3 c , ■ fl . Lsb ^ c^o _^*** 1 (_*^ C ...*.**.* 1 — iLwA 

JjJaJl 12 ^J| 9.8 ^o A&lS" (J^-1? d)j 

^ij SjjjJl dJLSj . 1940j 1845j 1770 fl^pVl ^ cJJl^JI oljjd) L ^J^\ 

AS I ^ . 1*3 Lp 11.1 I ^*3 ^ Aj 10.0 CO j.*-*,sOj$ 2 3 

(.U CJ15 Lb JUJI ^™o-LJl isLLJl L^jl J*>L- (552) huJl p 0.07 _, p\ 
JJljlj 2006 p\j\ p jL_oJ 23j 22 cJ_L5 JSjjjj jl Sj .2000 

^L-a ^jiL>jo Ij_aj . xJl l _aLS^J ^ol —ibA oLS”j 12007 

c Ij-aI oc Lis^_s 24 ^*vw<>-*iJl 4 jLLS" L)j . ^j*3 li^l 


jULJ , (557) ^l t wo; Jil L™_L c-U5 2lLj* d P-^ 

. 24 aaLSDI ojj^ cj\jlp> LgJ jlSj 2008 ^Lp ( JJljl ^s a^^-JL)! l_aLSL)I ^jJs-^j 

jp -Ij .l_a 1S" ( /j*3 ^Jws^l200 iiliA (1)15 c 2008 jppp** /(JjJj! cJj_L>c_>j 

(L) ^JjJl OLIJ-J ^3 O-J LS" < m JL LS” j J.5 ^j*3 ^^*3 AP j^jO>cOJ l_^3 d-02_Ajl 0 j*3 

.((Dalton minimum) LJjJl o^Jb) Ij^- OjL ocJlSj c ^1 p ^-oLJl 


(556) 


^w*» L 

A^dJL Idji La.5JPj o-AlS" ojj. 5 j-wklll (1)} 

^■■yfl-Aj ^ J_>cjJl ( /j*3 La ^pj (j! JaJ 0wL)ljl*3 0 I 3 j_L*OJ iill-Aj 

.o_ii5 Oj^ Laj-oP- ^3 doJl ^3 25 JaJis 

^ ^ ■oL 1 ^ ^ ' .J^L-v*21 ^^^*2 Lv 3 I o*fl*L^\JI ^ 33 ^ c*J ^ 1^ o|_ 

oNL^Jl j c^1 c^4-*-o^/l t(JLioJl ^.Lp) i?LlJ! ^j^»j>c-3 ^_a 
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.JjJaJlj ^9 LsLp 11 _Jl ojj.5 C^>jLilij . (<LoJ_>cJlj 

J-V^ ^j£* C—oU ^yj LJLo»S" Oj^jJl J l*J JJ 

^s^Jl oljjjJl j-p ^jLio Jiliip-Vl ^Jlp IjuJ^jI JLw Ji (Armag) ^Lo j\ 
14_L>j_1? <l—^>-JLJ l <—aLSLJI 3jji (jL sJup ^j_jI <jj_5o j^Jli . 1795 ^Lp j_x^ 
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<L—-o-UJl <—aLSLJI 3jji oli.il jpaJl L)^5 Lj 5L*JL)j 


AjIJ-j J_Ua 


isLiuJl 




-L)lj_j iili-A OLi” 


j jiJl 

(Angular Momentum) <_£jljJl j_*Jl JUxll L—o-AJl ^Jl .k— yJj . ^j-lkl 

jljj-i Jj_*_a J-~A JU-9 I j_;-pLj |j_Aj l ( jJ>jVl ^jJj ( _ r ~-«-Ujl ^j_a 

.jl^Jl o_yi jljJ-2 Jjj<A ^Ujj 

<5" ^>- (J -L*^a ^9 I ^^-L) ^-wvwO-*lJl i?L^jJl ^9 OJj>U 

j^xj ( JlSCJ 0.022 (Jj_*^j Sjl j>- (JJ_*^3 ^9 ojjJ_j j2J_> 

JL_Jl ojj.5 * jL^jJl oJ_>5 ^-9 4-oLlJl *Jj>- c-dJl ^_9 

^9 (J^J^ .^L^jJI d^L^<L»_9 L^Lp 22 I 
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4_0j_9j (1^° ^J- VW<> “*'^ ‘UlLSsJ *L>-j^ ^_ol ( j-a <—>^JLJLj C JLuJI 

c-pJ^ULJI J*yj>- ^G^yL?*- i ^9 jl^Jl (J^1? o t (a^^w^JL)! c_aJ-5GI 
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j!jC-l j^od dsd jJ jISj .^jjobdlj (Stalactites) Jjl^Jlj 

^ Id c^/U 23d cJISj c (1080 - 1040 cLJaJl Cjjl) J^jJl jj-cdl 
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.^IjwojJ jJl ii^p*c^>Jl CO 2 ( 7^5\Jj cC 0 2 —Jj l-^-Lj-XJ jl ^x^JgJl 
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Ancient Signals of Solar Activity »-iJl JsLtdl jp oU^Ip 

I j-kj 1000 ^lp li-Sl Ool5 Ojl^J>cJl *L>-j3 (jl j_P ^3 AJl^JI ( J j ^ Jg-) 

^xJl>JI 1850j 1550 ^»Lp ^3 lJ-^- ( /^2 ojL> j3 j.^ia-> a^voL c_^JJl 
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04-5»-ljv4 Ujjj^J 1300 ^Ip ( J^2^>- 1^1 ^XjI (1)1 C_-JJl ld-& j^J^I t JjtA-d jP 
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^3j tdj'yi J^ 3 4 '- : f'J w ^ J (_ 5 -^^ A->wU_L>cJl A^A^^.ll ojljj>«Jl 
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/ ^*Lw?l<Jl 12,000 Jl olJ*3>- aJLIaLa ^3 

3*53*“ 3^ 3^^_*^<>-jJl islUJl ol j^xj ^Jl jiajJJ 3^^1 ^JLjJi? ciUljwA 

.^vwo-jJl p f Ja.s>c^oJ 1 ^r-)g.*A> ojl^>- 4j>-jw\J 1 Jj>- 4^a>L^vJ>- o jJx^& 4_>djljJ>l5” 

(3j3 c^-J»Ip ( 3Jj-^ - ) 3 cijLjU ^3 ^Lp 1500 Jl 3i *J»*Jl o3a 3 jJj 

Ja^>c^oJl ^3 ^Ja^Jl dJ j^xj j ^Ja-wJl ^Ijj < -~ J j-> J • ^-w*»LpjLw*> j :> x - 3 


US' . w>Ul 30000 Jl J3-JJ 


^illaj *uJaJL)l jj.5 <uk^Jl ^ ^JU/tfl 


1500 Jl oljj^ ( Jw 2 ^>- UjSJl UJii'yi ^y» wLw^Jl t Be 10 j C 14 ^-boj d)I 
J'^U- Lg_> J-kl^J 4JL3*> oUa ojljj>- < 2 j L>-j^ ^3 dJj^wJl o3a Cj^^ ,1? .^Lp 

3^-^ cJ j^xjj l j_^_v2_l3I jJc>JI ^3 dojj^>- oLpUjJIj i 3^>c_JI oL*- 3 JI 
^j>c-JJ ^Lp 3000 oj^>-p ojl^ j>- pUu J-^pI ^ .^-*-3-3^1 JL>»^ oL^a 

I3a j^b \j . ^>cJl ^li o3jj c_J ( /y> 3 jJx^ j-^>“l jU*dL^L ^y>ojjJl 
j_^J>lj tUv^JJl 3000 Jl 33 ^^ J*33 U~vwJ>^Jl 4jiljJlj ojLJl ol 3 -Jl c_3Jl 
I j*&\ <1)15 <lJL>JI ojl^ j>J| <\s>-^ y* ^^JlpI ^Jsl^ Sjl^ j>- cjL>-j^ d)l Lyg-jI 


J. -L. de Beaulieu, R. H. Ruffaldi and J. Clerc, «History of Vegetation, Climate and (639) 
Human Action in the French Alps and the Jura over the Last 15,000 Years,» Dissertationes Botanicae, 
vol. 234 (1994), pp. 253-276. 

M. Friedrich [et al.], «Paleo-Environment and Radiocarbon Calibration as Derived from (640) 

Late Glacial/Early Holocene Tree-Ring Chronologies,» Quaternary International, vol. 61 (1999), pp. 27- 
39. 

R. C. Finkel and K. Nishiizumi, «Beryllium 10 Concentrations in the Greenland Ice Sheet (641) 
Project 2 Ice Core for 3-40 Ka ,» Journal of Geophysical Research, vol. 102 (1997), pp. 26699-26706. 

R. Muscheler [et al.], «Changes in Deep-Water Formation during the Younger Cryas (642) 

Event Inferred from 1() Be and 14 C Records,» Nature, vol. 408 (2000), pp. 567-570. 

S. Bjorck [et al.], «High Resolution Analysis of an Early Holocene Climate Event May Imply (643) 
Decreased Solar Forcing as an Important Climate Trigger,» Geology, vol. 29 (2001), pp. 1107-1110. 

M. Magny, «Holocene Climate Variability as Reflected by Mid-European Lake-Level (644) 
Fluctuations and its Probable Land Settlements,» Quaternary International, vol. 113 (2003), pp. 65-79. 

L. Keigwin, «The Little Ice Age and Medieval Warm Period in the Sargasso Sea,» Science, (645) 
vol. 274 (1996), pp. 1503-1508. 

C. Anderson [et al.], «Late Holocene Surface Ocean Conditions of Norwegian Sea (Voring (646) 
Plateau),» Palaeoceanography, vol. 18 (2003), doi: 10.1029/2001PA000654. 
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^Lw^LoJl 200000 Jl (jj aJa j-4>c^ <U3Us? oLolS" c->.1*212* 

1500 j}l Jl_> (Sulu) jJ jj>s_; ^3 jj>c-Jl ^LS oLw- jJ 

, (647) c lji ^jL- ji 2iu,yi 


^Lp 2000 o^X3 ^JJl Luj jjD15 ^-Ja>- ^3 <L>^>c-Jl caL~*^ xJl »w-J ^gJg-p' 
jJ ^jA aJLJ? J5 2)} <L^S>~ . jJl <LJlp 4 j j j oL-w*» jXJl 
4 ^L^w>cJI *l<>2L*JI c^IjJLSsJI ^jjo a1+/9,a*a oljj3 dJwo Lo-5" .L^Lp ^j_>^_J lpj aJ*>\J 
oLw*Jl ojl^^-j (Octactis pulchra) a i >^<>Jl j->^-Jl gJa-^ 4-^-jjJ 

^J^-LJl *LJl ^^ ^^Jlp L-w^J. I(Azpeitia nodulifera) ixiljJl i-Jl j_l^I 
} 64S \^\s -Jl Jl ia^^Jl oj ^Lijjl t JliuJl J_™. Jlp) (Upwelling) 


Lo-5" L«Lo-j a_>^_ g_>c_^Jl cjLxjL^JI o2w& ^Lxj j djljj.5 23 




LjJl il 


l j l J 

~jj .0j^*_oJl ^Lo j/1 dJ^XA j o*Aj^ C ^bul dJ j^3 ^X*Jo 

<^JL\S Uajl 0jZ3 J*)AJ>- <lS oJ-j>cJLoJl oLj'V jJl <—»j_P o> jJa>- ^ wbljJLoJl 
C-Aj I j>-\j\ ^-dj>cJl ^3 ^AXj 1 ^ 5 *^ I 4 »o ^P cjLo-*xJl j\ J La^Svj C ^-s-vwO_Jo 

.LgJ jJ*-a £&lj ^Ja*~J| oLj i^_AXSjj c_*J-A> ^Jl IJ.& jJl ^Juljl L5^i 

^Ll> ^3 AA^*-ygJl jJa-yg^I oL>c_> l-A_^>- ^Uaj jj 

^3 0.1 4 ^vJ,j ol ^*J jjj .OLaJVIj 3 j-A*Jl CjLp J^ys^a ^j-v-o-^xJ I A 3 Ua 

iw^-ww%J 1 »Lp 11 _51 c«a15sJI ojj^ JaLijJl a2^>JI 

jLJLxj^I a^_> 1500 -Jl ^j_-Jw**Jl 6j_j£ jl . ^IjwoJl ^3 ajl^^p cX3l 

<j^kJ -^ j0 j-^ 3 i ^XoLS" t ^^o-*xJl Ja-o^-oJl ^LwoJl ^LlajJ 

4«jj>-l^ oljljJL&l 2j->~j-> (Jj-^Jl (_$-H l- > sJl t_5- s ^d ^ j~^ 


L5 3 °^ 

^3 ijjij A-jj>-l^j J»>3'JI aJ_j jJa 0 *)Ij2aj 


( 651 ) 




T. De Garidel-Thoron and L. Beaufort, «High Frequency Dynamics of the Monsoon in the (647) 
Sulu Sea during the Last 200,000 Years,» EGS General Assembly (Nice) (April 2000). 

J. A. Barron and D. Bukry, «Solar Forcing of Gulf of California During the Past 2000 Yr (648) 
Suggested by Diatoms and Silicoflagellates,» Marine Micropalaeontology, vol. 62 (2006), pp. 115-139. 
G. Bond [et al.], «Persistent Solar Influence in North Atlantic Climate During the (649) 
Holocene,» Science, vol. 294 (2001), pp. 2130-2136. 

G. H. Denton and W. Karlen, «Holocene Vlimatic Variations: Their Pattern and Possible (650) 
Cause,» Quaternary Research, vol. 3 (1973), p. 155. 

W. S. Broecker, S. Sutherland and T. - H. Peng, «Possible 20 th Century Slowdown of (651) 
Southern Ocean Deep Water Formation,» Science, vol. 286 (1999), pp. 1132-1135. 


185 



iwxlji ot JlioJl - (652) ^j ^IgpLv? cjLJIS’ ^jj>JI ^JcJl 

I ^ I ojjjJl OoJj- (El Nino) JmJ Jj (1)1 AoLv2J>“l 

JjJL^'yi Jai>- ^j_P J»*Jl <da-^jJU J^Lw* L>3 / ^LjIp 11 Jl 

jLo-j* oLJ_>Jj) c-i2_v^lj-^Jl (3j-^ 9 (^J 

oliijJj ^3 olJj 3 LjjJl ^3 olo J_& (1)jJ\J (1)1 /j->Lo«j j 


w\ji^oJl ^oJL^Jl ^j^t t^-wsJJ^')/! (jLo-J^ 

~ (656)(655) .** w , t, -- t 

• w02_«_*i oj 1 y t~**+J I 4j2_*J^ 


<u-i (Stalagmites) JLpIj./?]| jUa-a^l cjUj5^ 

t j^c-*~S')! JL Jl ^iaplj . CjIjj^ Lvijl 4-o j*]\ o^jj4>Jl 

jljjlj (O ^-^' J (1)1 ^-*_) Js2^>c^oJl L—*1 J_1 ^3 Ll^o-P 3 ^)o ^1 AoJjLaJl ^_3lwLs^ 5 ')M 

^>c-Jl J-J^“ ^jSJUo J ^JL^'yi Jai>- ^>a <Lo^3 ^3 jJl <Cj£j 

oL^*> jJ (1)1 .1500 _Jl ^j-^^Jl oljjjJ L^-j1^ a^,a Jl c aLp (1)600 

c ^^_*_j ^jJ 1 OIjoISJ 1 jlj . «L^>cj jLJ1 OL«1 d^ 5 (dr^^ ^->cJw0 y> c-J 1 ^l_3 


Ojl y>- Aj>-j^ ol^J<_J ,j_SJo-> j .ojljj>eJl A_>-j^ ol^JcJ lJL>- c JjJl 

.^>-1 ^^Jj JjJl J-^-Jl < £fy ^3 1 (1)1 Aj>- ^Jfi-wJl oL^a 


^li >LJ ^Ja_plj ,lJb>- jJLw« j^OjlS j»J_>sJ ( j-«j>c_^S"V1 pLw<>w^5" JJ L<>3 

1500 Jl ojj^ t aJw*^ 5000 c-w*< ^jp ^_^3 cj-*-Jl 


M. Cane and A. Clement, «A Role for the Tropical Pacific Coupled Ocean-Atmosphere (652) 
System in Milankovitch and Millennial Time Scales: Part II, Global Impacts,» in: Mechanisms of Global 
Climate Change at Millennial Time Scales, edited by P. Clark, R. Webb and L. D. Keigwin, Geophysical 
Monograph Series; 112 (1999), pp. 373-383. 

V. N. Kryjov and C. -Y. Park, «Solar Modulation of the El Nino/ Southern Oscillation (653) 
Impact on the Northern Hemisphere Annular Mode,» Geophysical Research Letters, vol. 34 (2007), 
L10701, doi: 10.1029/2006GL028015. 

R. M. Trigo, T. J. Osborn and J. M. Corte-Real, «The North Atlantic Oscillation Influence (654) 
on Europe: Climate Impacts and Associated Physical Mechanisms,» Climate Research, vol. 20 (2002), 
pp. 9-17. 

C. Appenzeller, A. K. Weiss, and J. Staehelin, «North Atlantic Oscillation Modulates (655) 

Total Ozone Winter Trends,» Geophysical Research Letters, vol. 27 (2000), pp. 1131-1134. 

J. Marshall [et al.], «North Atlantic Climate Variability: Phenomena, Impacts and (656) 
Mechanisms ,»International Journal of Climatology, vol. 21 (2001), pp. 1863-1898. 

U. Neff, «Strong Coherence between Solar Availability and Monsoon in Oman between 9 (657) 
and 6 Kyr Ago,» Nature, vol. 411 (2001), pp. 290-293. 
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(658) 


^P y* s 4 _L>c^w<>J| l^Jb ^Lp 

( /ys jj jj^>cjij wLoJl ^ji^o i^ji 

.„ (659) 


^i_P oL*j_L*_oJl o J-& 


^Lp 4000 aJJ^j l_>jj^ I j^a1> ^oJL*Jl j- Ja_> ( Jw>u-wo ( /^o 

J y>~ ^-kJLoJl ^cJLL; Aj J—J»j>- djlj^.5^ ^JLo-2lJ| laJLl 1 ^Lu« 

|j_Aj .SjjJ> J^S” A_jI J_j £_>j CO 2J ojl £_&j j-JJ % < s J~-*- > 

. ^iLoJi ^3 bbvo^fl 4 j>cJUj (^dJl CO 2 bJ 

^ (Makapansgat) olpjJLbL* ^1 j jlpIj. ^ .,11 o j-f-klj 

o'yi OwX^-lj 4 jyJa A^-jJu .5 jjl C-olS" ‘L^JaJwoJ i ( 1)1 LJL ^i! C. 


<V^' Ori 
tp wkA 




Ojl^ 


ol> 


J- 5 

(660) 


IIS’j . 1800j 1300 


J^LJbJlj ^LloJI *Lg_>LJL>3 oljj^> bjj ( /j_5bsl 
C-JL>t-w*»j / ^A^S^-wo'^l oJj>cJL<Jl oLNjJl ^3 c_3j_^_£sJ 


l y~ r j^\ jjj^-j j-bjL> 

j>Lp 17600 I^jjU LJLoJl (Sawerland) jJ^/jjL* ^_3 JlpI y^> 

C ^Jl J j. .*/? ■*_)I _jl 1 t (J IjLo-J 1 ^Jww-wk' ^_Lp ) ALL) J_?*- JJ>1 jl jJ-^~ 1 ^L^3 d-> ^ ^ 1? 

j-v<2^Jlj t 4^>JdLoJl j j ■>/? *JI C (JlLoJl J-™*» ^i_p) obl ^olj 

( J^j>c_^' jLS'j . p 1500 (_5^i ^ ^ ^ j_—i_v2_)l ^J-^l_>cJl 

olj-J<J d)l ^Jl jL£l t IjjJjjJ ijj>- L^-jLJLa ^LoJVl i_a^SvJl 

. A-o j5" L>jJj <ul>c^ ^^S-o ^ ^IloJI 

oLiU J> C 14 ^a>L* 3 (l)j^ . ^-I jwoJl j^kj} <C-^lw^v->eJl wL)J-Ji J^kya CJ>LjJl (1)| 
iLw^UJl 2000 Jl ^1 j-pVI o j-f-kl J-3j .^^-^o-^l J^LtjJl 


W. H. Berger and U. von Rad, «Decadal to Millennial Scale Cyclicity in Varves and (658) 
Turbidites from the Arabian Sea: Hypothesis of Tidal Origin,» Global and Planetary Change, vol. 34 
(2002), pp. 313-325. 

M. E. Raymo, L. E. Lisiecki and K. H. Nisancioglu, «Plio-Pleistocene Ice Volume, (659) 
Antarctic Climate, and the Global O 18 Record,» Science, vol. 313 (2006), pp. 492-495. 

D. Tyson [et al.], «The Little Ice Age and Medieval Warming in South Africa,» South (660) 
African Journal of Science, vol. 96 (2000), pp. 121-126. 

Y. Asmerom [et al.], «Solar Forcing of Holocene Climate: New Insights from a (661) 
Speleotherm Record, Southwestern United States,» Geology, vol. 35 (2007), pp. 1-4. 

S. Niggeman [et al.], «A Palaeoclimate Record of the Last 17,600 Years in Stalagmites (662) 
from B7 Cave, Sauerland, Germany,» Quaternary Science Reviews, vol. 22 (2003), pp. 555-567. 

F. McDermont, «Centennial Scale Holocene Climate Variability Revealed by a High- (663) 
Resolution Speleotherm 0-18 Record from SW Ireland,» Science, vol. 294 (1999), pp. 1328-1333. 
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<L>oJwJo c^Lj2_Ij>- ^3 C 14 _) ^Lp 200 oljj3 

( j_P J_*_> oIpj . (CjI j*s> c-Jl JS ^3 jJJ 4_>L^Jl J_>Jl (*_^_5 jA 

J_Jlj cijj-Lil t (Cyclonic) c5 _^jjJl i?L^jJl 
^ j4 3 ^ j^JaJ t (666)( ' 665) cr ^^lJl ^_a Jl ^ja j»L»I Jl*j (Tropospheric) 

. ^ *y i d)i 

15 j~a\ (jLo-Ji ^3 *l^^/?LoJ 1 ^»Lp 14000 _Jl JJaJl j1-^p [SJ C 2 J -0 

^wJg-O S-ilpj {jA ^TyfljaJw^ J>“1 y^ 5 ^ J* (^LJO j-v2J>cJl oL^>«Jl 2)1 

oljj^ ( /^s 413^ <LJj <*1~w*- ^jA J Jl lJ-&j . 500 L«Lp 1650 Laj^I Sjj.5 

1j_a p-Z'Joj . ^wvw^-*iJl jjS\ ^Jp <2> J (J-b L* c 500 j»Ip 1500 

t 4ji3l.5 dj|^X3 cJtA2>- JjwJl ^3 jlJ cl^I j>JLp 23Ll& 1)1 4_lj>lJLJl 3JgjJl j >-1 5 

4jjL^*J1 0 L 2 -J 2 JI oUlo (JjJj>- j-^j .o3jL ol^19 ^3 Ij jja.yg^3 iJlLk 2)jj 

^j-bwwJl cJtiA->- L^Lp 1650 J5 oLjJI ^3 o^yL5^.^1 ^3 <^_*_LiaJl 

4_>-jl jE>j t ^>Lp 600 J*j Jj->=-> v2->wL?»“l £_9j *aJLJj .I—o J1 14000 _Jl 

jjjLw*Jl (Jjj>cjJl 1 Juj .^Lp 300 J 3 ily.il e~p- i ^J» ./g 11 yjJ^Jl j./g )JI 

jjwajJl <y ur -ai'Vl <y <Cjji ij»U 1600 Jly- Jy 

(Cyclic (_5 jj^ ( _ 5 -Lp SJ_J5l ‘*-^■3 l va jI Jjl> IJlaj . (668) j»Lp 1000 Jys 

obl*Jl d-ojl>cJ 15 j*a\ (JLo~J^ ^ja ^y>-\ jS[a\ ^3 .500 ^Lp 1500 ( Jw*3 Event) 
/ ^ Il ^JJl>J1 J+J2-X Jl ^ ^jJl Ol>“j3 ^^31 ^0 


J^SxJl 1)1 l^LLu JL^“ 


J^uj .1850 Jl 1450 (>Lp ja >y\j 1375j 1100 ^Lp ^ jNl ^ 


li^l 1)15 


R. Y. Anderson, «Possible Connection between Surface winds, Solar Activity and the (664) 
Earth’s Magnetic Field,» Nature, vol. 358 (1992), pp. 51-53. 

P. E. Damon, S. Cheng and T. W. Linick, «Possible Connection between Surface Winds, (665) 
Solar Activity and the Earth’s Magnetic Field,» Radiocarbon, vol. 31 (1989), pp. 697-703. 

M. Stuiver [et al.], «Is there Evidence for Solar Forcing of Climate in the GISP2 Oxygen (666) 
Isotope Record,» Quaternary Research, vol. 48 (1997), pp. 259-266. 

A. Viau [et al.], «Widespread Evidence of 1500-Yr Climate Variability in North America (667) 
During the Past 14,000 Years,» Geology, vol. 30 (2002), pp. 455-458. 

. 458-455 ^ c wi jJUail (668) 
I. D. Graumlich, «A 1,000-Year Record of Temperature and Precipitation in the Sierra (669) 
Nevada,» Quaternary Research, vol. 39 (1993), pp. 249-255. 
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d)l Loj^jLJLS" j-> j-LvaJl ^3 jL>c_j^'yi <2j\ji\j>- 

Ja_>!t I ^Jl 800 ^L_p .^L_p 5500 ^_1_p L_& j-^—^ ij-t 

L>-j3 LiLvg->-1 c_—L&VI j),i•>./?,11 Sjld- , L>-jw\J «lLw*i 100 —ll cjLLa-^Ai 


(670), 


oi-& cl)(l)i cl)^j £-9^JLoJl ^ ^LioJl ^J^~i JgLLjJl jL5 

C„jLo-*^ 1 ^ ^3 t ' .Jg L^»J! I ijlJ^ .<__*Lw\_S” Aj2»*j1^eJ ! ^3 .!jL^ol I Cw^II 


jjl aJ cjlSj ^ ^LjjjjI ^3 A^3 jJL Jl c_JVl JL^>- ^3 oLjLjJI ^Jlpj 

SJ^*_Jl j^JgLwoJl ^3 ^LwoJl jl5j c L^j15w»j ( j-waJl oIjLu ^3 j^>-p 


(673). 

Aj 


jjL ~Jl ^Jl A^iJL Cjj>jj oLj>- aJL^>s JJg->- ( jP 


^3 4_*^L>c_>j c ^IluJI 


jUL UlJ 15^J oliliJl o^i 

jJ «L^*_LlaJl 4_jjLwiJl oLfl^JgJi Liojj jJj ^*J 1 

jl^J _p •j a ^' 4000 _J jjl<>wA (J^-* 1 ^ Jc_5^ o!j~w>c-j 

OjLUj .A.dJg^Jl (J*5L>- jlkaVl (J^2-^ O^AJ ^jsj2j>cjl (_£jJl C ^jLjj jJl 

^Jjj C jJl Jj_v2^JI jl^g-l ^^3 li^l ojljg*“ oL>ji oAjlj^Jl jLjJl AjLJg 

^3 ^JJgJl oLLig ^3 LgLLkJ j^Jgl Li” t^Ul ^jjJl cj^ 

j5Lol ^3 Ol j*J> c_; ^3 A^jLS" j_> CiLw- jJ Cj j ^ igl J . ^J-^L>cJl 

ojj^ APIjUa^'yi cjjJa^j ^LwoJl cl)I 15j-^ i^y 3 lS 

, (675) ^]| ^juUJI 


V. C. LaMarche, «Palaeoclimatic Interferences from Long Tree Ring Records,» Science, (670) 
vol. 183 (1974), pp. 1043-1048. 

W. Kofler [et al.], «Vegetation Responses to the 8200 cal. BP Cold Event and to Long (671) 

Term Changes in the Eastern Alps: Possible Influence of Solar Activity and North Atlantic Freshwater 
Pulses,» The Holocene, vol. 15 (2005), pp. 779-188. 

Y. Nagovitsyn, «Solar Activity during the Last Two Millennia: Solar Patrol in Ancient and (672) 
Medieval China,» Geomagnetism and Aeronomy, vol. 41 (2001), pp. 680-688. 

M. Magny, «Holocene Climate Variability as Reflected by Mid-European Lake-Level (673) 
Fluctuations and its Probable Impact on Prehistoric Human Settlements,» Quaternary International, 
vol. 113(2004), pp. 65-79. 

A. J. Chepstow-Lusty [et al.], «Tracing 4,000 Years of Environmental History in the Cuzco (674) 
area, Peru, from the Pollen Record,» Mountain Research and Development, vol. 18 (1988), pp. 159-172. 

V. L. Valero-Garces [et al.], «Palaeohydrology of Andean Saline Lakes from (675) 
Sedimentological and Isotopic Records, Northwestern Argentina,» Journal of Palaeolinmilogy, vol. 24 
(2000), pp. 343-359. 
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SJjl ^JLwlII c-a-v2jJI c ^jjJ ^3 cjL*p^jw^JI cjj_^_1?Ij 

jl*j , or __Jjl isLi^Jl 454 ^ < 4 ^ oljji c (678) I-u5j i <677) iw.jSfl 
OjJgl Ji j . C0 2 ^LiJ SJLjaS' Syr^>uJ> Jljjl (Stomata) ol Jo wJw*w<l 
^3 LjIp 10330 ^Jl 11230 L&j^p ^3 Lb ^Ijjl oLIp 

L^jj cl* Ip 11050 j->J JJ C0 2 Lj>LLlJl (Faero) j^»LaJl j^g>- 
^j4?La^»oI ^j.■>./?,. wv^j'yi 0 j^sJJ ^jl^-jJi ^3 ^lji ^*»^ji 

jIJi^Ml ^ jis'j CC^ fU 10600 JI 10900 ^ C0 2 J ojj 
Jl—o—Jo ^_lg—w»> oLwoJ J_)ljjLoJl ^1 ^jo^l iwww>ou Lo—>j c LjIp 10550 J—*_> wLjI^jloJI 
I^jILJ (Reconstructed) JJLU C0 2 ol^JG o^Jilj / 679) cr wJJgS/l 

0 Jj j^a> L^*^ - jl ^Jp l.</g.}I j Jj Ij» ^ I 3g l^^d I v *j \I 

oljb ”jj jlj C J^jJl &ju& cJjlL 4Jwb/2J>- C-oLS" ^-^w<>wjJl JgbbJl ^3 ol 

JjwoJl Aajj-^mJ| olj^bJl o jj 4 j>c 4C5" 44 JpL/2 j (_£j^jl C0 2 _U 


( 680 ) . 


J*3 Lp-lb Li>-L* b jZj\ Ljjjl •* 1 j-P cjL»~J> ^3 44 j>cJI oL*j2_C4n^j 44jjgI 

^>-*yi c_*oL>cJl Jjs to j~~* l£ ji*^ ^jbbl J^*-*-*’ ^I ld_&j .^Ip 2800 

0 Lw 2 .ilj ^JgJlj 44-ijjJl jlj . (Terra del Fuego) cb l^-J J Jl*Jl 

/ ^olk/„>iLxJl jlJJ3 IfcjjP JaJw 5 0 ji JlP J, jl j^j^I\ IJJ wJl*Jl 

^3 b J^JLoJl^ **-*4 ^-wvJl 0 ^^^Jl LwoJl O’I ^^^o-> 'V c iL<waj>Jl 

*y j c 2J1 ^wLj->cJi j 1^ c ^jaLw*<^Ji j^yg-^j 1 ^ji^o»-i ^ ® _^-ij) ^ i 1 ^ 

, (682) Oi isL ^' J 


M. Blaauw, B. van Geel and J. van der Plicht, «Solar Forcing of Climate Change during (676) 
the mid-Holocene: Indications from Raised Bogs in the Netherlands,» The Holocene, vol. 14 (2004), 
pp. 35-44. 

D. Mauquoy [et al.], «Changes in Solar Activity and Holocene Climate Shifts Derived from (677) 

14 C Wiggle-Match Dated Peat Deposits,» The Holocene, vol. 14 (2004), pp. 45-52. 

Z. Yu [et al.], «Carbon Sequesteration in Western Canadian Peat Highly Sensitive to (678) 
Holocene Wet-Dry Climate Cycles at Millennial Time Scales,» The Holocene, vol. 13 (2003), pp. 801-808. 
C. A. Jessen [et al.], «Climate Forced Atmospheric C0 2 Variability in the Early Holocene: (679) 

A Stomatal Frequency Reconstruction,» Global and Planetary Change, vol. 57 (2007), pp. 247-260. 

. 260 _ 247 { j^ i ail (680) 

F. M. Chambers [et al.], «Globally Synchronous Climate Change 2800 Years Ago: Proxy (681) 

Data from Peat in South America,» Earth and Planetary Science Letters, vol. 253 (2007), pp. 439-444. 

E. Bard and M. Frank, «Climate Change and Solar Variability: What’s New Under the (682) 
Sun?,» Earth and Planetary Science Letters, vol. 248 (2006), pp. 1-14. 
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t jL_P oULij c t oLjLjJI ^j_P oLw4j3 C^JCLj ~CL)j 

oLI jJg.yg^/1 4»^/?L>Jl 14500 _Jl 4 pCO 2 d)i t 

CO 2 j-^S "jj ^3 >C2Ls4> 1 (. J ^j_o ^_ij .LaJl^JI j_*_i Lo ^lJ^LuJI 

JL.VI 4_*_~4j OL&L>cjl IJ_A J»3j C oj^yi2-3 P-lwL^I J*>L>- (_£jj>c_)l 

J~Jl>JI J*>U>- ^0 *lj^Jl jl^Jo! JLij ^ 683) (Smoothed) SJ j_L^ 2-4 

. (Compaction) ^^31 *LJI 


^bil J 


^IjwoJl ^ Ug-j oi ^Jg-ply?,. 11 I 0 ^JLil d^lJLo d-> j-^Jgl 


^-w«Ls^ 2 >j oli IwL^Jj LJjJLip! Lo-a J^LJtjJl ^3 ajlji JaJi ol^wklU 

^3 0~L/2^>- ol J-P“l j*_£3 ^3 I 0 j-w2-9 ^LwoJl ol (_5^ 4-o-^a 

^4jw* ol jr^xJ 4_^>-j-3j-^jl oL-lij o*)l>c-w*i cj j_g_i?l aS j .J—*-JI 

^ W LLii. I^JU jlj t (686)(685) ^Sl| 4 JUlJI J™- Jlp) iLL* 

• ^ ^ C /Q t ^3 ^^^P 1 ^ 3 ^ I L*»v^5 I 


C-Ay-aJ jJ>o (_£I C 4 j jJLo *L>-j3 0.7 _j Lalp Ijl^l i)j (1)^jjJl j^ial UkS" 

otfU-J dUL^ ol5"j c^5"! 4_1 a.«.«.»o >*»JI k»_»oLS" 1945 ^J-*3 4-dp o^5” l-^ 

O-w^-3 J-E 4-oj^Jl 4-*-^^! j! |t-PjJl ^^ipj *J Jl f c -^^ ^-CLJI ^J>-v? CO 2 

Jal-JL> 4_>eoLJl 4-oJ-5\Jl 4-*-j«Vl ^-JaJLvvO LXoLs (. JaJLs 1937 JJos ^UaJolo 

^jJ^oJl ol5"j . Be^j C 14 oLoaj 

J^LijJl c oLjwOCws^Jl >■_ap2-loa l ^ 3>- 1945 5-oJ 4-LP 

.^wvw^-*lJl J^L^jJl ^3 I oL>cJlo ^-Jo C 1975 J-*_> 4-o?l ^131 wL^plj C A^wl_] 

I f-LE^Jl 0 j_3 03lj J-3_J .dUdJ 4_>c-Jo jl3lp ^ 


E. Monnin [et al.], «Atmospheric CO 2 Concentrations over the Last Glacial Termination,» (683) 
Science, vol. 291 (2001), pp. 112-114. 

C. A. Perry and K. J. Hsu, «Geophysical, Archaeological and Historical Evidence Support (684) 
a Solar-Output Model for Climate Change,» Proceedings of the National Academy of Sciences, vol. 97 
(2000), pp. 12433-12438. 

W. H. Soon, and S. H.Yaskell, The Maunder Minimum and Variable Sun-Earth Connection (685) 

(New Jersey: World Scientific Publishing, 2004). 

T. Shindel [et al.], «Solar Forcing of Regional Climate Change during the Maunder (686) 
Minimum,» Science, vol. 294 (2001), pp. 2149-2152. 
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*j >sJl I e-lijJl |Jl& ( J^3 U5 .^_i_*_y2_Jl {jj* ^tS"! O^JaJl 

C2oLS"j ( JuSl Aj-^P C-*-i_SbJLjj ^_1_P 4_o^_^Jl 4_*_j<Vl >._(2 jIJ_£ 

<Luj_S2Jl ^I 0,3t 4_> j2L>3 *L^>-j3 0.6 ^Jl J->*-> jl jJL) .li^l 

4jj_><J| Ojl^><Jl 4^>-j3 CX»*_£j j' lib - (68 ' ( j_> ^2L*Jl (1) ^JlJ I ^3 4. yg-i LXXoJ I ^ j-»_*Jlj 

I ^-Jg-^3 c_^—*^u ^j_S2o_^ 9 t 4_> jJLa *L^-j 3 0.7 jIJJLo-) ^j_>^JL*Jl l)^J jJ 1 ^3 


( 688 ) 


li» ;^/l Uu* 




jJJ .Aj^iJlj <Loj^\Jl 4*-Ji<Vlj 1 >‘l Ji 


J ^jL)l jl ^X>-| JwlJL J-& j_JL*Jlj 0 jji}\ ^jJS (Jj^l jJL*Jl ^1 J^j\ cl)} 

CO 2 oUL*-o! aS j->cJ j_S” jl^l C-jL*_9 jJ cl) li l 4_b_P j . Lo jJij 4_LS" ^j_) j_Jx*_)I 
^j/2_*_j £-3JuJ I J_A . ( JwJLdJlj 4-«j_Sb>c_^ J-Lo ^j_j^_JL*J lj j^UJl (1)^JjJl ^3 4 _j^_*X u 

ojixiLa ji ^.p ^j~ < i- , ^)i c^i ^ixoJ 1 ^ 3 l*- 3jx> ^^jl^oJi ^jjjjj>uji 

. 4jjju ol>ji j^> 

i_Ja-aJl ^3 ^_yg j-2 dAJLL£3 .jwLo Lo^S” LL?^^-v-j ^ jU di-b 

LaJXPj j_X>cJl (wJajjJO) 3^«»> t li-U 0 |*JL*Jl d)l J*Co LaXX*_9 . jX^eJl 
^3 ^j^*Jl 43jLLoJl oj_& (J^J .^JL*Jl liJj ^ jX>cJl l.J ajaJ 1)) 3 ^-j 

3LoJwO t J-Jj>cJl ^Jg.*.A» clJJxbj ISC*_jVI w\jwLJi ^t_lxJl ^3 J»j jX>tJl iwJgJlJl 
oIp jJj>cJ| iwJajjJl® ‘U-oIj L^3 C)j£j ^y>-\ ( j5"L«! ^ 

. Jj^A^Jj-P Uw\J LjJJ^P W^jjJj>cJ| iwJaxlO) t Jj *}klo j& 3 loj^p 

j_y2_*Jl (J>^->“ 1X31^ W^jj_L>cJ| ^JgjJ|))j X_j tAXjj_P CboLS" 

^3 L*jLwZ» 1700 j 1550 ^sLp ^j-o j_)*)Ax ; j^p J-Jj>- oL>j3 <1)15"j . JI ^J-Jj>cJI 

. 4_*j5juW? Ojl^>- oL>-j3j oUL>j3 OJ^Xi I 4XoJl ^3 8 

jLS' j c^»Lp 7000 ^Jl js>- ^Ju--3 J-J->c_U d)L>j3 iiLx& Cj^~i ^ 

(^^Lp j-^J> Lxi3 Lxib l)L5”j iwJa-iJ 1 4_ygL>c. 


N. D. Marsh and H. Svensmark, «Low Cloud Properties Influenced by Cosmic Rays,» (687) 
Physical Review Letters , vol. 85 (2000), pp. 5004-5007. 

Z. -S. Kin and S. Xian, «Multi-Scale Analysis of Global Temperature Changes and Trends (688) 
of a Drop in Temperature in the Next 20 Years,» Meteorology and Atmospheric Physics, vol. 95 (2007), 
pp. 115-121. 

I. Joughun [et al.], «Seasonal Speedup along the Western Flank of the Greenland Ice (689) 

Sheet,» Science, vol. 320 (2008), pp. 781-783. 
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p 5*yi Sj_JLp J*>U>- L^-3 J-J->cJl 1 )L>j3 1)15 S^jls ^_s c jJ*>Lljj_p 

^3 c JbuJl ^J-p) ijl-Lk 1)5 JJa3 L>cj>-jIj l)j ^|*3 A3^ • • • 

S ^J| j (^_j^J w>c_Jl (w5a5Ll' ^-L_L-4 

j a.-s >c-^j i jLj ji jjfc *yij_*j! ^J5i j-^Ji l* i)j / ^4«wsijj'yi 

cJjLjJI j_p (wJaJaJl Jj_*_> (Antarctica Ocean Current) ^jj^xJl -U^juJI 
jJ^>tJl (wJajaJl ^3 W i jj\ ^3 *u_JaJaJl 5 j1jJ_J 1 ^l_>jJl 1 )}j . <U_j 1jJL^'yi 
(wJajaJl J^P ^^Lp 1-5J Co—I (wJajaJl ^3 <lJ-P Lo-a ^55 o ^ j_£l 

l)^Jj ^JJl CO 2 —lL> 'y ^L>cJl (wJajaJl ^3 ^LJl 3j d)| 

^oLo-j £-3 y*-> ^ • ^j^JajaJl (515 ^3 Lo-> c ^JL^Jl J (_£ ^-'f c -J v 3 I ^3 ^UaJL>l 

Loj tA^v^j'yi 0 ^^Jl ^A*j2 j jl j *>~J CO 2 ^3 obLj ^i-P 4»JwwoJl OwLjwCxJI 5<J1 

L^j>cJLL} ^^Jl CO 2 —11 jJl 1)1 ^-*^1^-^1 Cx 6 ^ *5j*55j j-&j j-)->Jl <—•' JaJaJ I L^-^3 
3jJ_^ ^ ^Jj-j ^ ^jJ^fsJl * wJaJa. !l J ji Ojjj'yi 0 Jj3 jl 1)55>/I 


•r 


Lp 7000 


orij^' i_5* (^ 


^LJI 


jI-Ljj ^_3 ^2JL3^5\_>*55»jj 0j^3 1)| ^oUaJl ^Jks^aJI ^_3 (_£55 

wLj*55j^_P ^3 0 jl^_>cJl dj5-j3 ^_3 ^j-JL) 


15 


cr^J 


,Sfl 


J-Lp J^'yi 1 Jh.a.) I»j 

^>-! ^JapLv 5 


L 4 J (Popper) j_>^ 5 j >“3 1)5" 

1)L iLw5 j5Jl L55 jj^>cJl (*_5a_aJl ^5s 3j j^s> 5j-lp 1)^5_> c ^i_*Jl 

. ^L-oJ I 1 ) 5° ? i 

5wb t ^U 2 P LaJ_L*_3 . ^LwoJl ^3 4 j3^j J~r* ^^5-U 

j-& jJj>cJl (w5aja.Il ^3 ^-51 ^lla-P oV c jJ^Jl (wJajaJl 3 ^-jj ^^jaj'yi (w5j5 
c jJj>cJl (wJaja.Il ^Jj ^jjs ^5 ^j-vJs-xjj .^jjaj'yi LjaLo ^Ja-^Jl 

^jJ^>Jl (wJajJl 5 J-® ^J-^Jl 5 j5 1 )j5Jj .^jalj'yij oUa.^> 6 jJlj tj>^jJl 


N. Shackleton, «Climate Change across the Hemispheres,» Science, 291 (2001), pp. 58-59. (690) 

K. R. Popper, Objective Knowledge (Oxford: Oxford University Press, 1979). (691) 
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iiLc& ^*^5 .£-LcJL) 1^ c-A^-v?-) 1 ^3 jl jSLp^'j! 1 L^-^3 ^Jwy2j>c-j 4JL>^Jgj 

(1)1 wXj*!AXj^P ^3 doL~o1 j3 dJ^^Jgl . ^X>cJl (_JgjaJl ^3 ^IjwoJl j^x^j ^3^dU 

j_Jw*J Jj*^\dojp (1)1 ( jjs ^_PjJl ^lp ^ bj^5l J_j J_Jo ^| 4J ^j*w*Jl ^UaP ^3 Ly23Lj 
t_5gJL)l J_5 j>- ^a IpLdJl ^J-31 J_>*)\js_>j_P ^_Ljj i ^_>j_L>cJ| <_JgJL)l ^jA yx^p\ 

• ( (_j 5^5 I ^! »»»«»>-«•’ ^ ^ 1~P C I I *\a jA ^ y/2 ■>■<>. J ) . ^ ^N^*C_] I 

^-^*dJl (1)1 (NASA) L-olj ^3 ^j^j'yi ^L*-wZ>| 4 _p l$J y>-\ 4_> y>^ do 

jlj-l^ <4^do^/l Ja>- ^ ojl^^Jl t^dJl ^ 4 b~Cj 3bjl bl (Clouding) 

yS' . Aj J-^A Aj>-j£ 0.5 jl JJLoj jd>c_)l (_5gja.Il ^3 ^gJadoj l oJ_2»-lj 4 j jJCj As>-j5 
d5jl»*J! ^jA jIp j-& fUl jL>c-^3 c ^jJ>-l bbtc* ^JjjIjp d5lc& d)l 

.Ojl ^J>cJl Aj>-J$ .iLojlj ^d51 j-*~-> ^LoJl jJ>tdoj .(_£j_>Jl ^5>bJl ^3 4jd3jJl 

£-A UwL^J S' J_SsJl (1)15 J-9 J . g- Lyg-jaJ 1 J_>c_> ^Ju3l J- >s -^ '*- 0> j-~5 ld_A ^_L*_)J 
Jg_^5l ^L^j'yi c ^jj^JLaJl JjJL!I ^3 ^_jJl isLlS" ^3 J^J-viJl ^^gjIjdJl 
jljdg-^/l ld_& (1)15j %Jl3 ^33 Ji jd>Jl <_5gj5l (1)15j (. ^j_>Jl *b5l jb>s_> 

.^j-»^Jl (1)1 Cj33 (_^_w<51 5 jZj*)! \ ^jA J~d 1 ]g>*^>ll 

(Jj_p ^3 cj! jlj_i^-l Jw5j>cJ1 (_J oLLj o_Lo 

c r J a JJl J> oljl J^A c^Lp 3000 ^Jl 1500 L j .w>Ul (>Lp 90000 
b J-Lpj i liwL) jJj>eJ 1 (_5gja.Il (1)15 LoJwo ^Co 15 Jj*^\Co1)1 lJu j .^jjJj>cJ1 


CCj 15 LoJ^j . Cj jP- ^3 ^jl^C>-1 IjJol c ^ojC>cJl t_JgjaJl 
oJg.^>cj>J 1 oljlJ (1)j55 d)l -X^-jc^woJ 1 ^ ^ j-^*Jl j_jL>co ^LwoJl 

.Alp 90000 J cj^5 ol j^xS C^-^o jJ 

.ciiJd5 CC-*^J L^jl jwLo ^0wC^3 ^vwOwCJ 1 ^jA oj^C/gJl 43UgJ 1 CC> 1 j*xj d)l 

^yg_) ^3 Uj4doJl ^3 0.4 JJLL (1)1 ^vwo-CJlo 4_^_^_cJ 1 ^o>cJl 

jlJ <jl 4 ^_d ^ 4 _*^lj 3 ^jA bL p d)j jjLS'^ ddwo J 3 j 

<l) 15 j . (Magnetically Inert) JaJj^odJl jMl ^-w?l (Tau Ceti) 

j>Lp ^pl-^ 1—^-5 c (54 Piscium) ^54 4^>_j| c^^^-cJL ji-1 


i^_A3 jj 
C->1 j^xj 


D. G. Vaughanurner, «Recent Rapid Regional Climate Warming on the Atlantic (692) 
Peninsula,» Climate Change, vol. 60 (2003), pp. 243-270. 

T. Blunier and E. J. Brook, «Timing of Millennial-Scale Change in Antarctica and (693) 
Greenland during the Last Glacial Period,» Science, vol. 291 (2001), pp. 109-112. 
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C I*^|^ . 0 L^c3 ^' 4^2 L«*«*o ^j^2JL>x-} I —> C 1980 

.UjJI jJjjLj j\ UjJI l) o ys ^JJ^jJ 

L&jJ-v2-a ^JI CO 2 0 UU- 0 I d)l 0 J-> ^ jJl ULJjl ^ v—o J^ 4jI 

. Jl>^<Jl lj_g_) ^-v^l^1 jjjJ jLjLpI C)jJu ^-IjwoJi iJ y>^> d)U*u^M 

j-Laj L ^j-JwwvJl CJ>Uj J-Ja 43j j*~a ^UoJb 4jLUlUl UUjJl ^3 CjI 

. (Maunder and Hershel) JU- y>j jJJjU ^yaj 

Lo. ■ la »Jl 5j! : (694) (Occam Razer Rules) j>Jj ^U jl J-pl^-^ (J^j2_> 

. ^-UU I . 1 ] ^>o * 1 ^y ^cJ>- LJI 


. 1 l)_^5\j Lo->j oUUl Ja^voVl (I)} (694) 
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VjJl J«A ! Jlj— 

j*-*J ! «_ j! j^>sJl 

( _^ 5 jV! jl-La cjLJjJjJ! ^Ju Jj& ; cJ!ji-~“ 
'. t_ ) 'I_^>d! 

^ L jJ*\ ^ljw« o! jSZ c~*ij Jjs ; tJ lj~* 

.^j : c-<! 


,j» Jil oL^j ( j^ij“>Uj . ( _ J Ss-»lt ; oj ( j^j > ^/! t_~S ’jS jj 

^>15” j.3 -S^5 4 J) .(_£oLJ-X-oJlj oL^SnjjSJIj iw-S'l^1 

i>* J* 20 Jii ^ V 


l_g_j d-w q-_^_>ilJ ^ - |»l_p C_9*SM 4_*_jjl ^XS' ^j- - /? ^ 

oj_A 0-&9jlj .LiU-iS" Nj tjjj>=-^aJlj ^lj_^Jlj c p-L^JI /j_o 4 -oL^ow^S” da^^l^Lij 

^ >^A—a_j1 lalJL tj)j C-w-J j) C~-J Uj j li*AJa_>l 0*>\-plj2jJl 


jJ- lj^k*S\ (Tipping points) 


LjjjtSLJl 4 _j o_o-^\->tJ . CO2 —1 s '<_sJ-° j-sf ( _ s -3 0^Jl oL^>Jl o 
CO2 ol-Sj - 0 j-jj-SnJI ojj-xJ LS^j^ - *LoJl o_LSi_*Sj - j*JL*JL) 

-cSj-X>cj <uLo-*Jl o-Xa (JI^j Nj .^j-sS'ljJl ^y> oj-X*^2-a c_ 9*AAJ| ^]| c_dL-^2 j 


197 



oLw*J AJLo £^->y 4 L^a>Lw<jI 4-0L*JI ySJl^j <L>y>c-<Jl d^J-Lo-xJl jj 

JLl& jU (. I ^^J-P L>^>Jl <oJ-*JJ» oL_>Jl OyJa (1)1 JJ>jj .L>j\iJl oJ_*JJa 
yL>c-a 4jjs 4L^3 oLS" (_£jJl ^y>Jl <—3>A_*J| ya C0 2 —J O-JU y^LlixJ 

J jU- lijUal C0 2 JA Jit ^y^> yyJl cJ jUJl y Jl5j . JUJI C0 2 Jl 

.^Jl>Jl yjJi>Jl 

L>-lyL* y I ^yd_> yJ ^ ^^-s^JJl ^y 0 4 '^ > "^ s JJl j*-*Z JLj& d-oLS" 

_ jJuyJl JjU>- 4000 ppmv y> ysl yy>Jl C0 2 Jl jU .Lilj 

Jyy N C0 2 Jl jl Lly c JliJl J™- c (Ordovician-Sluvian) yjjJyJl 
0 j-JtS* cJ y OJ> Jij t ^yjJJl J y^l 0 LJ 3 yj iuL/? yc-yaJl j} .jly^-^l 

.~) (^jb>c^Jl jl^ c LjLJ j^l ^Zy^z >I tw^S"^^Jl jl^ .^y’LJl y 
.yly-'y d->I jLu yliy ^_£jJl c ^y?IyL^I y> yp 0 J>JJ d-oU Jy>o JJ-& 

jl5 j . <L*_wJgJJ yS-sLOs ^4y ^ I J^Lj2_>c_>I jjj . ^y-wJa y£?lyJ-J^I j \j . oJ-jJ-^- 

jliJl |j_& yLj .jL*Jl <dji^3 t jL^-'yi ^y oL^>JJ ^y-Loj>- y?ly^l 


^y^^Jl jly^Ml Lodo t J yj'yi y« ^4yj/l d^L/JyL4 

ijL^^jlj c LyjJyo Lp yJ jly^-'yi o-L>uj .yilyj^M ^JUl C0 2 jJy j 

. LJiljj ^4y j\J L>-jyj C oLj>JJ 

.£4y Vl yi-*-} y^l jA>\ ^^1 ‘J*ild<Jlj d_> Jj>Jl ^4y*yI ylio o^lpj 0^1 J-J 
Ji j .0 y^-^Jl JjLv 2-JI yL*j l£ y*^Jl ^jj-Jl Jld«j 

y/?lI j <. jlI d^*ili 0 J_>j_p d->lyL9 Jj\_>- ‘LwJa-i-11 dojJl cj-J>Lp 

j|j .^LJI y_*J yvwJj y£?jjJ ywid<Jl J ^ I CCJ->J^>Jl 4^01 yd*l ^ I ^4 Jj ^ I 

4 ij\_P !^\ J 4 \s 7 C j-i-3 yil yal 4 yl yd-^'yi yJl j-^Vl L& JjjJjJl 

o' 


C0 2 Jl. c 


1 oljIyjl OJoJJ .y£?jjJ <diSJ-A y<Ja^Jl yJ'ljJl 
oL>-^j>Jl y>s 0 j~r* yJ- 4 c-4-waJj c ^LdJl j^xjj i oUa^>c^<Jl 
ysJI yJl yy yj <L>- L>y Jly^j .^y>Jl ^JjLkJl y!l ji-ddy-SJl oIjLpj 
c do-jJi ^LwO olj j\i- J-J->Jl yJJ Jwwo_>cJ jUI Jij .4_>y>tJl ( y<Ja-*JI 

yJ'j^' ®• y^' jJ'j Jj'yjJl 
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J 3j . I 0 j-o-vi 5 ^jVl ijjl-LoJl L) j_J -Cl) I ^. ■./?■) 

jAuJl j^XJ <Z->\y$J>rLJl ^J^s]J L 4jjl-LoJl JjJL 4^si>LoJ| ^IjwoJl djl j^XJ o yl: 

.Axj ^..^■4.; 4jjlwk<>Jl Ol j*X^}\ j \J 

J* S W-' 

‘U-lpxJl 3 wL->-j objl^Jl 

c LxliLa y& ' SL>J1 J)) 

cl)jJa^Jj-a Lul I • (DNA) y> j-> ^3 ^y^riSJ ^2^j>cJI 

cl)} .LlIjl&J d)l Lo->j t Ll>-j t LxjLl^I j <. 1 _l$LJL^>-I 

oL->sJl JlSwl (J^"j olJLJl j <. c^LoL^j_JIj t c-aj>-ljjJlj t oLuwLtJlj <. L>j_xSCJl 
c L>t)A->cJl ya 4_j|^ ^jjJl . (DNA) (_£jjjJl ^/2_^>->cJl .i^jl ^>-Vl 

jt-wo- ^^3 U^L>sJl y* 4_LoJl ^3 90 j->tj j} LJ jli ^LJLj 

d)|j .L {jz£-> J-& jL^^I d)jj ^JLoJl ^3 15 d)|j .aj j*s£j (jLwvo^M 

4__j 1 J_P djljLo ^3 ^_^_3 . l_) ^^i-P la-pi 

^^J-P •^-J-*-3 £-Ja2L**u 'y yo ^JlS" ^-*-3 Li OwLwo-^*-j 

j^->c-stf ^JlS'Ij (1)1 ^-Ja^-wvu c (JljL<jJl 
Jac>c-<>Jl £lS 0->o oljla jAj 5" A^oJ>-j 

j t ^jJl ^^3 aJj>J| CjUjLSsJI oJjfc Jj>- jjj 

^_1_P L^_L>J 4JLo J J->c-stfJ 1 ^3 J Ij C e-LoJlj C <U ^jJlj t ^-LoJlj 

^jVl (^ip <u>-jJ j-Jl <i^SsJl 

Ojl^>Jl ol>j3j c^JLjJI Jax^.ll JwoJ>tJ olyggLlil ^^-stf-^l c_^>«J L^SsJlj 


(696) 


4j *^\_j ^_o_p ^_Lp 

(698)(697) , 


c ^jLwJIj c oJl>J1 


(>* J’ 


I jjw2-s ol_>-jij 


LJLJI 
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.(Lithautotrophs) iiJUcJl <JlS jU*-^- (696) 
T. O. Stevens and J. P. McKinley, «Lithautotrophic Microbial Ecosystems in Deep Basalt (697) 
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C Aj j-li J 

oLwoJl 


*{s>- . 


(702)(701) 


. OjLjj c ojL>- oULo ^3 L>jJa«w^Jj . 4jj,3 

. oIjLoj c VL> 3j-JLs jl t ys>*^£ VL> 


JaJt ya. 11 


Jg-^-yg-li ^lJLp 3 l J^LjljJl *L^£-L*_Ji! 


^_«UJ . J2_*_*/2JI <W2_j2j>c_^ 3 J -12-«.v2J) 4_^JLPj C i?L^J! *L^V- J 

(Jj^l jla.ll l)i ^-vwJj .L>jJL^-Jl L>>^->- ^ <LolwL*Jl 5 j-oJl ( Jojj>cJo 4 _!jL^J! 

d)l Lj^ xSC-U ^5 Coj^3 .1 ^Lp aJjLw^ oLw« <ijJj>-j L^jjwp d)l5 ^1 p sLwtJJ 

ya ^j.o'^LoJl oLl<>J L^-jL 5 j J-*_jj .L>>^->cJl oljuLSCU ^L.** oUlo y^^yj 

L> (1)1 IgJ c <l>cJL<>J1 oLwoJl 

^3 4_>c_jD 4_JLp ojl y>- 25 kV 4_j^3 LoLj j-^> ^Jw<*j>cJo (1)1 ^^J>-l 

. <u 5 j-jJl ojL>t>cJl ^^J-p ^>-1 ^3)0 2)1 L^jL jS-^jc] 1 Ls t ^1 j 5 Jl 


y d)|j .^j^?jVl <~*S j5 ^^Lp f-UL ^5^1 ^ISGl L>jj5s-Jl 2)| 
4 -Jl_P ^-wvwOw^Jl L^Llkj ^_9 y >-1 ^Lol ^_9 <CL> JL>- oL^>- jl jJL>-\ oL^ 2 >- 

oL^>cJ 4 *-*>L_^ o 51 lww>- y] ^Lv^j^lj ^ j jl$LJ1 <L5j 

(710), f (709) . t, . . t t - t - (708)(707)(706), ^ ♦, 

^JJJ'J ^ /*c_>^oJl J_P 4 jjjj 2 j>-i 0 J_>-wt 3 j . u 


B. B. Jorgensen and A. Boetius, «Feast and Famine-Microbial Life in the Deep Seabed,» (700) 
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(1988), p. 117. 
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(713) . 


^c_? oLo- Jj>-^j jJ^ t(Titan) 


(712)(711). 


jLcil 


-jj i j 


c->J w_p I ^Lg_Ca ^ ^S"j-SUl 1 J-a ^.Lp oL^js-cJl o Lee Cj LS" ^jj 

J * s l\ ol5 jl j _/J oj^o 1^3 oLg*Jl ^J-UaJJL^ J^_3 t <_£j_>-l oA^/gi 

j^LILl)! <jl5 ?DNA ^cJl a-JLSLcM Lcjccj ^J^_s c dUj-S" 

Jaii Jjcc^j toL>JJ c 5 jj J ^aJl cujJl y* j((Ammonia) LLy^l) 

^3 LJL^SJI jlj_<Jl JLv2_j^/ L^ji-a ^Jl 4j>-L>tJ LJJ ?(*LoJl) J. *Js 3' uj1«j 

CJj_JCol y ..jg,A3 oJj>-1j 4_*_33 oLj>cJ| CJj-^Js? ( J^g_3 .L^UJl ^S\J Jj_L>cjj 

o j_p cj I 3y>- j-^1 (_5^^ ^ o J-p cj! cj ^ ^ Jg La I jj ^1 l I (J j j>- 

l_>Lyg-<^>- (RNA) ^g_x>^>cJ 1 l_JL> ^J^aj ^oL^5v_> j-5LJI ^oL^sCj 

c Cj! J^SLjoj^SsJl cJjJj>cJ 1) <Lo J-*-oJl ^jJa_^Jl Cj IS" ^1 cDNA ( /^>c_^S"'yi ^j^La 

AP j *.Jl OjIS" ^_So jJ J-O ^P Jj^ 3 ol:jJ y>-j-Jl £-3 jJJ (^J,«lg.ll 

iJtLA jl ISJ JjCC>cjJ 1 ( j-o«3 t APoLj>Jl Cj j^Jg ISli ^olw>Jl L^J Cj y^Jg yJl 
yjli ^UajJl yo yy>~! yS"Lo! t ^°^" <—•’Ij-^><Jl y° yl 

^jC-31^ .^-w<>-CJl L^_>l33 aS" jj ^3 L)yS\j (1)1 yj_9j!.5 ^yLdl JJL) ^oLj>- (J^l Cjj ^ I 9 

^3 (1)^y>-l yyJL L 0 C -0 C CjU g^J>c-^J! ^-o-P ^3 4_vgL>o^ C 0jl>- ^oLo ^3 L)_j^J*“l 

^Jj>c_^a> ^3 0 Cj! ^k>J! oC^ {£ j* ^ • J 1 Aj2^<>-P Cj Ip J-v2j 

jij tj»Lp 0 jJl« 4200 oJlS" ^^gj^l ^S' j jj>W 2 JI oV 

'oL^JJ Aj*sj A-olJ j CjICjIS ”j LjjCSvj ^jj *)$j .Cj! jja oJ-P CCj>^~jj CCCoLLj 

cr 2 , Lo^'yi) oL_>J! J^-c?! <^-9 ajJ oJlS' J^-3 j>JJLS” 

aCj ^3 JjaV! aL jJg Cj! j^xj ^^j-Lp 3J-oC*jj (L>t)L>cJ! (.aj jjjJl ^gLoj?-')/! t'AC^j'^! 
?^>-1 6^ LLCj jl oLj>cJ 1 ^JaCvvJ Alj! oLg^Jl ^Jw^l j-^P ?^jVl 

aLc^I IwLSLaj ?oL>J| j jJaJ ^ (Evolution) Izl^J aJl^^j ^1 

. 4»s3 IS" Aj 1 Jj>“ JJ j C 0 ^cS" 


J. 1. Lunine, D. J. Stephenson and Y. L.Yung, «Ethane Ocean on Titan,» Science, vol. 222 (711) 
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R. H. Brown [et al.], «The Identification of Liquid Ethane in Titan’s Ontario Lacus,» (712) 
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J. L. Kirschvink, A. T. Maine and H. Vali, «Palaeomagnetic Evidence Supports a Low (713) 
Temperature Origin of Carbonate in the Martian Meteorite ALH84001,» Science, vol. 275 (1997), 
pp. 1629-1633. 
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*)! L<kj <lS 3 aJI <. a_1j> La 4_j j I j^a o L>cJ aJ I L> jJlSLJ I o I a^Jlj 

^^>eJ| (a^-^P^cJI) A-oljJl L^_2 P^<>j>c^ 3 j»jA L ^xSLJl J .^j^1 A*J»P j jJL 

A^*J ^3 <bj^_0 jZS'J\ tw^P*!AJl L^j j5 j_A I j_A j (. oAjJj>- *UjIJ-P AJLo ^3 pULJJ 

oLul^Jl ^a L^iSLJli .oL^xJl j^3 ^J*p La^-LL L^x5C_U j~S Dl .Swk*Jl .*j_JLJl 

cbl5 Lo-j ji . ^Ip (1)j-Jlo 4000 J 3 ob>cJl jj-A ^^j'yi Jip c—ul> ^Jl Jl 
JiLU jJLJ . (714) ^jUJI dJUi JJ y-Jj^Jl j\ RNA Jl Jlp SL^ ijbj& 
j-^-G' .^Lp 4567 ( J*_3 t ^j^^s>~ ^j-i ^j^jVl jS 

. Jaii ^Ip 100000 Jl J>jVl Jlp (Homo sapiens) <jLJ^I 


(1)1 ^«P^Jl ^J»P C LxSLo^o AjO l (^gjjJL>~\ ^UxjI (Jl jl ^ J l3-A 

.(1)^M Cj-^O jji I ^J-P b^J d— jJ I Jjlll OjL>t_>cJl ^j> 3 4jj»Jl ^3 90 
CjI j-o-xJL^a 2jJ>-j ^jS' ^»Lp 0 j-ba 3500 J--3 ^Jj j-J Aj>c_*/i>l j L_> jJJ 

AjJo *)} I <Jj> \jlA? ^j*a ^JbLjJu ^>cjLLs^ _jl Jl$li j jjj3j>~\ _ d-J^b j ) Aj^-J lSsj 

1 1 jjbj cLJI^jl^I ^((Stromatolites) ^ijjl ^Jl ojL^aJl J J >Jl 
^ C~>Ny;UjyuJl j! y^ j*-U^ i_) s '3 ^y-^J 

(1)j~b>J 1000 j->cj J--3 Ajjj. 5 ^Jl jJj-3 ^Jl ^3500 

(_£jj>JI c_3*!)LiJl ( j-^s CO2 L) j-> JL!I J^wwv^5'l C-o^^Jl»j^JL^vJl >. iiaJLsIj .^l_P 

J ^JLJj t J»jVl J c^yjJl*jyL ~Jl JJ Mj .obj-jjLil jljN 

u^p ^ t (Shark Bay) J jJI ^ cJLL^Jl J™- Jlp) ^S # l oJ-w^5”j>s j 

'y (L^bLJl) ^j^j'yi JjVl oLwxJl L)l J} j-> j-^-i I^a_aj .(LJl jJl^I 
4JI ^J| b/gjI I3-Aj .^jVI J^Lw^oJI oL^>cJl JSLj* L^jIj c Lx^s cjlj^ 
. ajI)^5vj (1)1 j^j LJU c I)J^l ^r*" dJbl oLj>- iil^A Oj 15 b) 


,L.j (717) sLw>Jl (716 ) -jl™5>JI ^1 


A. Lazcano, «The RNA World, its Predecessors, and its Descendents,» in: Early Life on (714) 

Earth, edited by S. Bengston (New York: Columbia University Press, 1994), pp. 70-80. 

jJJ fj>-j fS\ A^jS/i) (Thor) j y ^ (Thursday) ^ jj jl ^J >\jJl (715) 

j jj y^Jl j»j^o c j jj j£s Jl -L^vw^vj'l (J^l^ jLLJ.1 ^ c U>-jj^JL> J-JLa ^yAA^t. ll jJl jl (716) 

CO 2 y& *L+~Sj ll 

M. Schidlowski [et al.], «Precambrian Sedimentary Carbonates: Carbon and Oxygen (717) 
Geochemistry and Implications for the Terrestrial Oxygen Budget,» Precambrian Research, vol. 2 
(1975), pp. 1-69. 
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d)l Ij_a 

. Lo^ aJ ^Lp I)j-J-* 4000 -LUj <ojj>-d-olS” ^jVl ^^J-p 1)j->^S\Jl ojj^ 

^jbdl l_Aj yi d)15 J^*S- ^3 <U23 oliJl oj_A 4_>j_*^J 

C 0-Cg5 4 jL-*-s^ £-£ -U . (j'yi <ulp ^A U»p AXx>Jl ^3 30 *L^Jj 


d)l5 4 j 1 wL ^ (J^5 j_j .Cwi^ ^»Lp jLJ-a Jj>- ^Jl gJu o^5 ^^j'yi ^Aj 1)1 

£-* t 0-9jJl dUS ^-9 j-~5 ^J-yi j-*0 (5j^ j-^" (j-^Lo^l j*)AJ 

(5j^“ CO 2 

^ jiljO 


*y 1 Jla oi ^p t o>c_ij 5 j5 oLio ^uoJ 7.35 

5La jli” lilj . 


(725) 


^jLwo-5Ul <l5jJj ^_>-LaJ 1 ^j-vwlSUl 
(„j 1 —\-^p 1 t ^J-p ^1 >^>J 1 0 ^ Jai 1>J 

(727) . 


(726) 


^j-^P *UaP 
L> l)j-^ dr°J ^ 4 j-lJj>- ^jLL^> 1)j^ 


j-« 1 ^_A L>t)\j>cJl o3J_*JL« oLw>cJJ 4 _A-JlS\_)I oU?l jJuV\ 1)1 /%-PjJl ^J-P 

oUl^l J^«>- L^JLo- ^Jlp L^SUl oJa3l>- J-A3 ) ^ 5 j:U ^5 j5J 

iJli-A 1)L c-ULJl J-ajl*_x>JJ .^/?j % yi ^^J-p o-5L*_oJl oLw>x-U 0 
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J jj>o j_& e-j_2dJl Ijjfc ( jj» C LJLXj oL^sxJU .^'jjJl ^Jlp J^La^>xJ| Jda 

a5wjL_ 0 AJd ^3 a ^^ip J^Ij2j>cJ| ( /j5vo-> oLjISsJI ^•■Ig.XLo 

d^JLajj o J^Lj olXjl5Jl ^jj ^i_P J^LdJ>*J!j ^>sl ^JL^yis .Adit) 

, ( ~ 729 ' > U J>J)1\ t_-5 jS ^s- k~ole- 

d-oLS" ^^xJl t ^Lp (1)3800 1a_^_>jJLJI 3jL>i^>cJJ d)J 

IJL>* OwbJ_JL)l ol jLo^JMI d*_£3jj LjAJ^P oL^Jl Oj-^_1s> Jjl3 .l^5^J Ayai Lwo-tj 
j)i a- s a^ I* ^)i^ I ^-jL/0 3 11 *> wj «o c a 

olkj>^ y >t -^i y~* ^55" 500 ©jJa3 ^J-o L£>j5 d)l oL>Lwvj>tJl ddo jJ j .oL^JIj 
L5 ^-5vj aJjULjj .^JLx5 jJ c_^5”^Jg.*.Ai L& j_xp oISsJj c j^a 3000 J^<>-p 
jL^jJI oJjj C-ol5"j toL^>cJl oj- 4 -i 3 L^-Lxp a5 'j-^ oloUa.::! ^IpI 33 jJ iJljw& (1)15" 
d)L5"j tL*L x_pJ ^x5l j l j-Jl 55 ^^a* 1 iJljj^ jjJJ *• j-v 2 _sl 

^x5"l (^3Jl (UV) A^>t^vuiiJl c3ji a^-J^I t a 3 1x5" ^5"i ^ja>JI 

oloLAdJi 0 3_a dolpl j j- 3 ^Jl LJLiJ j_; ?-Lo-wvJl 0 d)L5"j <. AiliS" 
. I^J^2L3 d)^ScJ a5" j>^a 0 ^3 Cj 15"^ C ^|5dda 0 ^5\Jl 

d)j3 (_£ c_3^i-iJl Sjl dol5" LflJ-XP I ^Jg-*.Ai ^^Lp jba cJj^ (J^ 2 ^ 

.^y>c_Jo ( 1)1 aJ (1)15" CAjJs-LwvJl j jj> r^Jl jJa^oJl I3-& k -)^A 3 VaJCS'J .Aj^Lo A^-j3 100 

oL^i5" a_>J^Sv_JlJ jjJ-t .s/?. j \ t V (Lw 2-^> jJaLoJl jli"j 

aJjLa>j <. a\j^Jzs>- Coli" Lo-j j3 (. LoLwo-5 aJ^x_>c^3 aj jjJl o C-O 5 L>Jj .(aj y>^> I) 
« ^~ 13 ^ AM) 1 A^^*J| ^mi ^^ 4 2-^-11 C I ^1 C fl I _ ! 0 w\ «..>«■ 5 Owl I A»0 I C Lj 

oljlp ^ jk 0^5' cr 1 -^ ^'-S’j 

sjj L>jJ-lpj Ijl^5} C—sLv^l oLowUJl ( 1)1 ( /^s ^-5jJl *• 

d^_x_>- a_>jL>- oLw« iiLx^ OjLv? c a_j* u>-j^ 100 (_ 5 ^i ^-)g->.<» 

.(Sedimentation j) L(Erossion J5U) aj^xJI 

a-«a<p*- jL>*Jl Coi5j .aJLxJI j^>cJl jL>c5l cj 

Ij jJ>z-a^ OjUa>j o 5jjJl oJ_A d^Lyg-j .^j^Jl ( j5gJE Ad5»j t ejL>-j 
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jlSLoJl jjJr ^ 9 ,11 J^Jj . (Sedimentary Rocks) 

( JJLxJl Llaj ^^J-p JjVI oLoJl ^_p ^-J>L<La ^L>c_>^/ ^Lo-i^l jJS^l 

c C-o5 (1)1 ‘ iy^ j5 ^1 t '^ 0^>- ^ ^5 ( /ya ^5 j5Jl 

Cm 3"^Jli .4 jjL>- oLcs ^^lp 3 ^-MS^O C C—5^5Jl ^r.]g,*A» (1)1 

oL*-yJ ^jJlaJI 0 -v?oJ' ^ (Smudges) JJL>Jl jU>-jJJ ^Lwo-siLJl 

^3 J-~5j_<Jl ^ ^ulj Jl j-^J^i J C dillA C-oLS" AL^*CJ oLd>- (1)1 J-4r^\ j-P 
^ ^>dl c3*)\^Jl ^ \ jl*J jUI oL-m^ ^Jl 


(732) 


3800 ( Jw*3 ( Jwplij ^JcoLS* ^j-^>" iaoc^ lewd jl5 ! Lg_Ua jA*° ^ ^Jl t c>c-jcJl 
^Lp ( ( /^-c>c_mv5I ^l>-L>o ( Vj_S\j l£ 0 ^5l j-a L» curls' j .^Lp d) j-5>j 

jj>cJl c_9>d*Jl oljlp d)| . jJ>cJl c_3>^-*Jl ^3 ( /j»c>6-mv 5*)\J jdl 3 jJ>-j ( /^s ^*_PjJl 

cC0 2 j c^j^l jl5j . C733) (lr ^l -r JC <uljUJ I ^ oddl 

‘ jj-f-j^lj tO-jj-iJlj t j_^jj~l^JIj i «-LJl jL>^j 


. Lo j-a 


Sfi. 


.CJ 


jJl dJi Ji (_g jj>JI i_91 J 3^iS\j 


(736)(735)(734) 


■ f M| (737) , 

•i y>-j (JI J J t jl 


-L 




o-tjj-W'j 

jLS" (1)j_>oljj3 d)l 


1 *y 1 -5j5 wd 1 (_)15 t ^5* ^5 cdL. 

^vw<c25l j1J-v2^)/ 4 U>c-JD 5 (^jl^_>- ^Lj^- 1 jl AL^33) 4 Lc>~L>-j CLj^j 


Cr* ,Jj -> 


^.Jg.L> c-*5j5 aJLj Jw5j ^j-p waLjL^ ^jj3j>xJj . (J^L>- SJUaJl 


(738) 
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( 739 ) 




' a-* J-^" a^' ^'j-^' V 

iSj J>x i jy^J <• 4-**^ £jl>- 40000 )gtf*«o 

4_Jj_ 5L^>JI J^_iUl) L^_s Lo—) (. a_jj_^2_p oL_^> 

^Lj ^ ^jSfl Jlp JL^All ^U*All ,_~Sy ( ^U iJ . (741)(740) (dna jj 

, "- . f (747) . \ ~ , , I (746)(745)(744)(743)(742)„ , 

£-9j-a ^_3 jl t ^4J2-w^j CjLwU-*j t 0jL>- 

.Lw^iLj! oL>tiJ J~s- ( J_s^Vl jU t . ^Ig.ax^o 


^^Jlp Jwo-^J tiS 1 ojJjl ^_a (Weathering) j jJkJ Ji 


*L_L^-P . 4_PjJJUj oLJ-^-P CO 2 Oji 

I J ^3 JJ>Lw*Jl ^.5^<ajJl jli” JJL) . 4_>OjL>c_>cJl l$j cJcJo 
« ^ ^ CO 2 J ^ ^ H 2 O ^ y& ^i ^3 L* /^ ) 4»Q 0~^S* 4^^ bX^C^O 

4_9Lv^|_^ (. AjjJ Jj->c_v2Jl *^LL^5 sj2j L»^JLSs-JI l$j iJ J***-* (l)Vl 


J. E. Lovelock, Gaia, A New Look at Life on Earth (New York: Oxford University Press, (739) 
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I ^Lp LwwoL-^l ( /^5vj ^*Jj . l^Jl ( /^>t^*5'yij CO 2 J H 2 O 

0 oLuLS” a^ 3 cC0 2 JL> y. ^->c-xJl ( J^*-9 i3~^ J>t ~t J* J}j • ^Jo-j AjjJ 1 

I ^1-P oUUl Jj>-1 jJo ^ ^>-1 A^-l-J ( /ys .^-3 IS" £-L*J c^ilkJL ajL-L* 

4_>^_>c_> iiljw& 2)15 c ciiJ.5 ^J-<_9 j .^j-^sjJl ^Jw<>->c_>s iaJLs AJLoJl ^_9 10 OwLo-J 
^_3 <L>yJl cI-Lwmw^J 5jJj>c_fl CjLjLo 5j->-j ^J_P j-JJ C J5Uj <• OwLjI^JOj 

^JLp ^3 (C0 2J H 2 O ^^lv2^>sl ^]LJLj) ILsU*£JI 4j^> cjJI 2)J .‘U^cjJl 

jUa^'yij C aSLUL Aji^LoJl 4-OJ j5wJl oLjISJI t^^-wvO AJjJgj 4^Lo»P ^jJl>- 

.j^>Jl ^3 CO 2 Jl ySy .ajjj>c-wvJIj ^■s2>-OJ>J 1 


JLl& 'V c5^ > ~ *«—*S"j5 I 3_& Aj^>cjJl ^ ^Jg-o 

oL^j-aj^Jl 2)}j ((_£jlJ j-*r^ (_£-kJj>- 


y j_v2_9 (^>i-L>“! J_*_j AJl ^_P^J| ^_L_P C Jj|j_j c_3l_S" ( Jl5\>2Lj y j-3 

• (752) (^ojly ^1 C 0 2 Jl ft* 100000 L_JLk: t (751) w> 

ol*-P j^\ ^_1_P AjI ^ j-L>Jl i—JaJL)l ^3 l]_^9 J~Jj>- i_J j^oj 

d)l J-j ^ c pLp 650000 J*}\J>- <y ^->Jl C02^ ojl j ->Jl djL>-j^ ^3 SwL>J-JL)! 
CO 2 .J oLw-li y-fj a)uJ1 yz 2—1 aJI y* OjIS" 2)^^5111 ol j*j 

^CO 2 —LJ L*_» j~*j* I +./Q,z. a ' 2^1jwA 2)1 o_jJ-^cJl (^^_>c_)l CO 2 —U 

3wLoJ I1)15” 0^ Lo-5" .4^v?j'yi 0 j_Ss_!J ^JLo-*xJl J 

c J^S"LJlj (,a_jj_>cjJ1 ^j_p t aJIj CO 2 (jjljJ <iy*j Cr° 

^^_>cJl ^_3>^-*Jl ^-9 CO 2 —^1 d)l»5 t ^Lp 2)3800 ^^Jl^Ju--3 oL-yJlj 

.(jjljJ 4JU>- ^9 


yihj ^j^j'yi ^>jlj ( j*« V1 ^51 jJl c^oLS" 

Aj>^J ^51 CO 2 Jl (_£ J^^l ^-9>^-*Jl d)15j . ^ jjfJl ^-9 CO 2 

AjjJ>c-Jl ^j-^>cJJ CO 2 oL>Jl CJ15J tj'yi o\yj>nj» ^y3 100 

C > Low^%^~ »*—O—.O Lo—O ^ yS>v- - /2_ 11 >«JJ- ! ^i_S" ^2 C I ol jLLJ c_sIj^^/Ij 


.<C —•> (j55.8 Cs^** jJlJl - jwJibo ^Sn ejjl>1 JbM Jl- (751) 

G. R. Dickens, M. M. Castillo and J. C. Walker, «A Blast of Gas in the Latest Paleocen: (752) 
Simulating First-Order Effects of Massive Dissociation of Oceanic Methane Hydrate,» Geology, vol. 25 
(1997), pp. 259-262. 

R. Zeebe and K. Caldeira, «Close Mass Balance of Long-Term Carbon Fluxes from Ice- (753) 

Core C0 2 and Ocean Chemistry Records,» Nature Geoscience, vol. 1 (2008), pp. 312-315. 
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.yay]\ cjIgJU^_SC j ^y CO 2 ^l^v^LSsJI oLw-^cJl c— jLS"j 

J-*-*"”* y* Lo^3 C ^_>cJl ^y CO 2 Jl ^23Llj c jJJ jj 

A^?*-L>-j CjCjI<. _->*)\JLl aJsjIj i3LwA j*J^ •‘ws5'^SsJl ^c->jlJ ^3 

CjljL^<^->J^jJl .^-s^LoJl ^3 3jl^->cJl A^-j3_2 CO 2 —H jLS" L>JwiJw_P 

^Jj .JJl>J| <lJ j-o jl AJCSjJl ( /^s Ol jUl* aUj 


2600 L^j>c_jjI_j 3j_*_> 1883 ^»Lp _lla ^_^_&jJl ^1 j_>tj^A>) 

^j .LJLyl ^ yj>- y (Witwatersrand) JJl^. y\ yjj yy>- y t j»Ip 0 ^L> 
^SjljJJl y ^2ai ^1J c ((Conglomerate) Oj^jIScS) ^_>JiJl ^-v^j-JI 

oL-S'j-^Jl jl j t JIca c-JLS' a-»j-^2 (J y*-' j y ^ H ^ J y>-\j c (Quartz) 
y> ( JlpLjJ iiljw&j c oL ^yS J-jJ ^^>-j/l aJlS”Ic<JI 3 !j_oJlj a_>^j>cJI aj^jLJ I 

|j_A j-> c-J Lo-S" .<cJ^<>_*_)l od_A ^_3 SL^_>cJlj t jj_J>c_v2_)l J t *lj_g_Jlj C e-LoJl 

.(^j^j>- iw—&3j C 0->^-o) J_>Jj>cJl J_Jo j-^S" 0 jjSLa l> yj^ Co^^_L*jj\Jl 

C*oj-^Jl wLw^ljL) c 7.21 4_^vJo y^S^\ jLp y y j_>&Jl ^3 j\^Jl i_fiJLo L*J_Lp 

w \3 C»oI (_)LS" ^.13 .^_*Ls»oI ^ w\jwt^c_]I I (_ t ^3 aJJ^..»** j 

c ^LjQ ^-1 ^-^Jl ^ y^" J ^ A^Jfljl ^3 ^ 

1 I ^»Lp j2600 (_£^j-^|3 

0 j^Sj> IjA 3LsA>j C WOLoj»I)) yy>rJj .A^jjJ-*^j jl (aLoJI ^3 
c ^^j>cJl *^_3j\_iJl ^3 ( /^>c_*^S'l 2 ]Lla jl5 j_Ls .(c-ol2l jj->) ^j-olj^-Jl y* 

^ y*.,i I j y) l 1^ j I >««_«o l—JI j I I ^ wX i«„<^. S' Lj wt3 

JjIjj jj\ jJJ oLu jJS yiJcS ^3 \$y>- J~a O-jLjIjJ-J l jl-S" . 2iJ-^S"j^s 

jUi Il^^S'I 2]La jl J^j/jJl y> LJU Uai^ LjjJ yyJ (Witwatersand) 
oLo j^a j_L*_ lS" cj I jJ j .C—3 ^Jl ^3 ^ j j ^l <-j jj*Jl ^y Llj>c_*^S'I j/ jl 

L^2-j>cC« jl5 ^oJL^Jl ^^>^^1 yy>^ jl LJl y ^>I ^^ 4 '-4 j ^-j w4 

.j>lp j^J lo 2600 J^i 

oJwUj 3 ) c^2j*yi ^3 ^Lp j^L> 2700 _. 2500 ^-3 ^^1^1 jl-S" 

»^_JlS»-l 0C j^jdl ^J-P o 3^J>-tjl j-> ^ ^jl jidd A^_iLjw<jl C A^j j_aJI 0j-»^Jl 

Ajjli (Ll^^J l _ LSC-L^) (S1AL) 3j_JLs j'yi { j^yk] j|j .lSC-Lw*JL> 4 '^-^ , j 
^jVl 3j-JLs ^3 j^idl Ij_a jLeoj .aj^>c_> (^j_>j_c^ 3 _ ISj-L^i) (SIMA) 3 jJLsj 


208 



Oj~Sj \jj>- Ojbw? CjI j3 3jJgJ jbc_*Jl ^Li»jlj t 0j-JbJl 4ilx5sj 

<L>c_^vfl-]l oLj^J JjVl J-JaJl bjj (Montle) *l^>- y* 

J*>U>- OljljJl <r j_bjJ L)tS"j .j-V2_*Jl 1 b-& J J_>c_v^ L> L« J-& <Lo jJLSsJL) I 

.SUJl <ryZj ^3 1 bo^SbJl 4j>cb ■>./?. I1 d^Ljo 

^j-a 4JL0JI 5 ^3l ^Lp (1)j-^_L>s 2700 objUJl o-jL5" 

0 y~-^° 2500 ^Jl 2700 objULU pLl> JLL& oLS"^ 

. 4_o ^JLSvJlI I 4_>c *i^ )I oLjo J_>ljjLoJl J-OoJl i,_ —(/. 30 — /. 5) j»Lp 

^jjj jj_3l jJ tcj^Jl di-b ^3 oi> oLS" IjlUj bl j-& ^3 ^ji^wLoJlj 

Ug-^>c-^JJ ( JwS"Ljj C (_£jJ>Jl oiblbJl ^3 JjljJj (. oL->cJJ ^jL>t3 

( Jw& ! yA 4_LP (_£jJl Jljj_wJlj . olj_Jl ‘LJLolg'- 4«Jj>J ^jIwLj j 

bl ?SUJJ Ip4_*_> jj *Jl bo^xSbJI 4j>c-oLvgJl oLjj ( /ys o^JJl oJ_& dJ-o~b 

CblS” L>J Cj-bl oUu>m j-b bL_>dJ 4 -j-*>L*>I oUa-^>c^Jl 

t(Europa) LjjjI ^^iJLdl yJ Jl* oJbJj ^Ip oljli 

o J_& ^3j • lJj>JL> oUg_*-aj ^_LJ" 100 LgJLoP <lJ Ug-^J>o3 JgJi3 t bj3 

2)15” LJj . (Prokaryotic Bacteria) oljJl iolJjol cij-^ 1 ^ ^ilJl 

3lj-<Jl ^JgJ'^’-l 4jjU 4o y>Z^iJ C^JbJl y*->~ yi jJbJ ol* *2iJljw& 

.OlJg.>.>c^oJ 1 i y oLj>c_U 4^3I 4jlJjJl 


LxiL>- yA U5 4^<>Jl ^3 30 J-> aXx>J| ^3 70 ^l^voLJI c.Jgp bio 

L>cj>-jLj Lo«3jJ Lx 5\J t<L w gj'yi 0 jS sJl 70 oljUJl cJgp I 3 I 3 jJl 

OJj>u 4-wvoLJl jJl ol^Lvw<Jl 0^ ojij->cJl oL>-j 3 ^3 bo y^y I yy> 

2)1 Lo^S" 4 yg i >Z~ay \Zj>- 4-JLp 4 ^ 1 ^ k j 1 ojl ^_>Jl oL>-j3 ^3 

O^Ai b b^ CO 2 Jl ^gLb>ol yA 4»wvuLJl OL>-Lwvw« 

5L>JI ^IjCjI <U /?ji ci^Ul l ^ .1 2 j-™j (jJaLwa (_5^J I oUa->c-oJl ^ 

iSLj& coils’ U oil tiLilp 4_ojjiSbbl ^obi_v2Jl d->Ljo ^j_So lilj 

iibw& b^-^J ^ 4_AdjlJa-J>s-a ^_Lp A^2->c_> C oLw^Jl UJ^ .oljli 

Jl^iJ b° ^ lJ-^ b^ 5 Jl Jbvbbl 


oLot-l ^ y^~ ^ c o_o«P ‘•wJ-wb o^Lil b • ^ t-gJ oiyjl * 


Jb- Sl^M (754) 

.<iJ3»- ol jj 4*j jjj\S J j*}\ 
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|jj>- Ij^L (1)15 J-&J t ( j*55sJl J>\ 

jjt> I j-kj . jjJl I j_d5 d^o> 

^^iSUl jl5 Uj .Li>cj*y 1 ^ 
Jil LgJU-P oLw^s (Reefs) 



^^3 (l)J^tJ ^j^>eJl o_9*)l*Jl ( j-o CO 2 Jl 
3bjl y>^>j t 4do j2500 J^i 
^iJlj ^jJl JM>- CO 2 

^3 J ( J-Sb~0 (jj5Lo 

d—5 j>- jJL) . d)d3jJl c_A3 jJ d*^*>Lol dL>c-ya_]' oLo>Jl 0 ^-Sd3 t jldal 

3 ! joj ^_3Lo?l jJ>c-Jl 0 L 0 J C_^~^5 jJ (1)1j C doLwOwb 3l joj djULll d> j_>dJ 1 

d-ol5^ . ( j/9-o->sJl <2i-l_gJdvO d5_<»—£• 4_J^_>cdJl (1)J . 4-L>c-vfl-) 1 oLwO-ll dolj-P 

'yj d j-b <LySU> j-^widJl ^j5odo ^Jj *• WU> 0j5oo>J! oUa^>c_x>Jl 
<dw^Li ( Jwo—>dLj ^^jJl d^ldJLSUlj .doj_>ddll 4 _Lj j_L? 0 jd_s J_*_o 

1)1 ^o>- ^1 ^5l<d *y dwv t oL* y ^^ioJl ^ (Extremophiles) 

oljllil (1)U t^^>-1 0 yj • djjj^Jl d23 J~o^ ciiSvjdJ cLlbj t ^jd^xo d)l ^3 J_o^ 

d->J-pL-*> ^xJl d>eo LJl d>jO>dJlj (dojdSdJl ^jLdo2Jl djldo y* dojpd ^)Jl) 

.SL>Jl J>*-£> ^ 

ljL>- (1) jSL^> ^j>Jl d)l5 oljllil 1)^3 Cx^ .^3 ^^j'yi d-*->c->cj jJL) 

d^oL diUaJl ^ji>- JojJ ^wodJl ^Jd* ^^-><0 dE^L-*j oV 11J_p- 

.Lool^ IjJl^o d^fdJl (J*)L > “ ^_£dJl CO 2 (1)13 toj~5 djli 


J-A3 >t jOsjJl dEb ^3 Lgo dJLLxdoJ LooJJ t y 1 d^oLwol d->LwL<>wP doJj>- 

^ ^ 3 ^ I^^aO I J-l-^c-O C_»0 15 J I J I 1 ^ «.vi 5* I l L ) 

5UJI 40 c~ASjh" (756) r u 2100 J! 2400 J-^ U-" s jr-^ ] 

dj|jL>co2oE old^os ^_Ja_d!l ^c-Jdll j ddsj'yi oJ-& d-^jLS"j . Lo jjL> ^jo^j'yi 
tdJLJl ^^>JI C0 2 >SV d->ljLfcoJo^yI oJ_A 0 J 0 Lj . 0 j-^5 d>jjLSso d>jJj_o 

ojl^>cj| djL>“j3j t J-J->Jl (1)LjJJ d>cdd d^Ua^>c^Jl ^3 doljjjl 3 Ij-o-Jl c5*)Ui 3 }j 

doi^do'y 1 <d-Li d->iia-o>co>j 1 (ji <dpLJg-yg^y 1 ji^'yi (jtA5- ^^o Lo|^ .li^^yi 
( /^P J_*Jl dla-*ojJda dLo^l-*Jl jL>c-Jl ^Jl 3I dJ>- OLol5 IJ_A Lo*^ 4 ^ s> ' c5 


. (Hunorian glaciations) -UodJl (755) 

J. W. Schopf and C. Klein, eds., The Proterozoic Biosphere: A Multidisciplinary Study (New (756) 

York: University Press, 1992). 

R. E. Kopp [et al.], «The Palaeoproterozoic Snowball Earth: A Climate Disaster Triggered (757) 
by the Evolution of Oxygenic Photosynthesis,» Proceedings of the National Academy of Sciences, vol. 102 
(2005), pp. 1131-1136. 
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^Jbyg. 91 IwUjjJ OjJ-oJl <LwJa_^Ji 4_*_5> OjLJl jL>c-J|j J2_>- 

ALaj! iiljwA (1)15 j .<lulwL*Jl 5 j-oJl ^j-a 4-1-9 4j^LgJl jUcJl j olla^c^JJ j .4-ol-A_*Jl 

.oL>tJ ^jj>sJl c_3*>\jJl ^3 (_g j23>c-a L^9 $\$j\ 

L>s-> o j-^-yg-L-oJ 1 oLwoJl (j! *w3j. jJl^jJI j_*_i o j^s> L-a dU^ 

<Zj L-j I5LU JU^Jl ^cJLAj Lo-a C CjU g^>c^oJ 1 ^Jl 4_2>lwL*Jl 5 ^j-a o^-OLiLa 

c_9*}L*Jl ( /j-^>c-wv5^I i—iLw2-J ^)Jl tjjJj-yg-ll c_^-5jjJL (_£j_*Jo ^)Jl 4 j j_g_g-c-oJl 

(760)(759)(758) », 

5 J^' 


.cjU a^j>c^<>J 1 olj-s^ 5 La j_lp ^Lp cl)jJu> 2200 _ 2400 ^J_3 4 - 0 ^5 3^j_s o-j 15" 
dUi ^3 C-oj5\J ^Jl j%JL*Jl ^j3 ^Jl wLjJ_> cJl o L—ai j_i ^-o> j_; J5_3 

.<_£^>bJ 1 9*>L*Jl ^9 ( j-wfc-w-5V1 ^5jJ ^3 ^j>-LLa ^oJLp wL>IjJ J y^ 2 -^ t^j-*jJl 
j31 ^jJl <LoI-Xj 45_>eJl 4_oL>-I C3Lo 15 ^j»a 5 Lw& (1)15 C dJJ.5 4_9 L-/g| 
o3i>y\ y-Aj dJJ.5 1)15 U5 .1 JwJL*_j ^)5I ol^-51 <cjlJsj>- a^jsxJI 3 J^s>-j Lj> 15 

oljjJl coljjJl 4-olJ-> 5t)L>cJJ ^Lw*> ( j_^>c_*^5'yI jl5_s cjUJl> 4 ^pL^>JI 

4^oJL*J| 4j>t^v5Vl ^j-a o jZJ}]\ 0-L& CO 15 t Iw\5s_Aj .0wLw*5*yi ^j-a 4-J^s-cJl 4 ^j2^5j>cJ| 

C ^4-oj_>j15j jl oljjJl 4-ulJ-> oLj>cJJ ^pLoJ>- ^/?l^JLl ^Jl (^£3yj (1)1 SJjljCoJl 

^ ^Laj ^-a 
j_^5 W4 -oj_jj15j jjD 

Ji ^ J 1 (j-a J^l ^ J-?*-* ^-^-*^5 V I (1)1 ^-SO^Ij .ciL>J-*-a LLo ^ij 

?I3LJ .(^^fJl ^3*)UJl ^ iloJl ^ 2 ^y> ^51 


ol_^ JIjVj . (761) Lr *^»5'J oliu J c 
jJwaJl J^>-P Jj ioLiC^ J {j* 


Jij . O Ua-w><^<J 1 


>1 oLwoJl t-lL5Lij ^^Jlp • <1)Ll>^J aj 

lj ^JJl (jji ^L*- 5 ^/L (^L 5 -a 1 I ^3 Jilij ^JJl) 


Y. Asmeron [et al.], «Strontium Isotope Variations of Neoproterozoic Sea Water: (758) 
Implications for Crustal Evolution,» Geochimica et Cosmochimica Acta, vol. 55 (1991), pp. 2883- 
2894. 

S. B. Jacobse and A. J. Kaufman, «The Sr, C and O Isotope Evolution of Neoproterozoic (759) 
Seawater,» Chemical Geology, vol. 161 (1999), pp. 37-57. 

J. A. Higgins and D. P. Schrag, «The Aftermath of Snowball Earth,» Geochemistry, (760) 
Geophysics Geosystems, vol. 4 (2003), doi: 10.1029/2002GC000403. 

D. E. Cranfield, «The Early History of Atmospheric Oxygen,» Annual Reviews of Earth and (761) 
Planetary Sciences, vol. 33 (2005), pp. 1-36. 
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La 4ji j+s* c j_>tJl <\jlJoj>- oL>j <2JJc 

jj-g.jg.ll 4 ^jLl)I 4_)jjgjwll ( Jwo-jcJj . ( JupLLJl i. Lsjjo t d) jj j I ^Jl I ^L*-J*^/I 

.L^xSLJl ^ j^s^.ll <_3*>L*Jl ^3 *)L! ^y>-LLoJl 

oJjl^^JI dJ'yi oj_^J <1)15j . JpLLJJ ^Lwal ScUi” CO 2 J-ygJ 1 j^]\ ^Jw<*x)d*Oj 

doL-o^S" 0 *>LpLaj ^a iillaJl Jlp cLdCP^I J-a JJI jiai- e-ULJJ 4-LpliJlj 

^vajdJL> C1 *j>c-^>ww*i^ c L^pLx-o 4 ^JgddJl clj-oJl ojl j2>-^ ojL>cJl ^oldJlj c jj_>c_v 2 J| 


^_9*)L*Jl 4 j>c-*^ 5"I . oJ_^>- oLoc_> L&j_La ^SLo-> 0 j-w 

jj->cj 1 j c oLoJlj c <4j_^Jlj c oL^>cJl <jl ^Lp <1)j-JLa 2200 — 2400 ( Jl^3 (£ 


^jJoL^Lplj £-s^lj-a 


<2oldg-'yi ^Jg-x^a j 

(762> 


Jlu N 


j_j c ^-s^LoJl ^3 clDc .J^pLLl> 

LaCoJ) oJ-S"j-a J-^' (Jlj-O ^ <1)^1 ^Lp <Jj-^i_-a 2200 CCwo-j ^dJl 

1 L*J ' yfr. ^ 9 ^ ^ JlP L) wCP LwO <C I ^ 0 ^«W^S” ljl^^***l ^ ^-J ^.^.>cJ' *-s* 1 ' ^ ^ j2j>C-J J 

J^j>c_*^S'Vl ^3 JjljJ (_£cl (_£j->sJl l)LLwJ| ^3 Oj^j JU23 C CCoJj>cJl 

^ jO><Jl >*-3*)L*Jl ^L^C-^S"^ 0 j5wj AJUi>^a O^jLt-a ijldA d-olS" Lo->jJ . (_£ ^0><Jl 

.^jo>&ji <i)i^voJi jL^j^y ji 


oUa-^>t^Jl C-JlSsJ t AjjJU i>-j3 100 <^ji J >cJl oLwa ojl^>- 4 j>-j 3 CColS" jJ 
ojl^_>c_Jl L)_jLSL_U . oL^j>- iiLi-& CoLS" c ccJ—p 

CCol5"j t 4jjC-a <L^-jC 100 ^ > " C1 oL>-j3 '•& L)1 CoLoLCwoJ \j 

L^c5Lj) (Cyanobacteria) L^^SCjjL-wJJ j5L>jj j^Jca 3800 J^J l$y>-y> 
CC’ICjL^JI o3_A Cj j^ L> Jo3j .4o^_La 4 j>-jC 73 — 70 <1)1 (aC 5"I3 a-lijj 

.SjL>- t wj_> jLS"j j_-JU oJ—& J-3 j .^Lp <1)j-J—a 3500 3 j~* cJj'y 

2200 2400 y>~\ t '-»o>-lJ ^j-a (o!jjJl £ l^4_^4j>-) Wa-oj_>jLS"j j^Jl® cj j_^Jgj 

C3|t-L t <oJ-^- 4 ^ ^ ^ J-*^ 3 

L^C5Lo-j C ^>Lp cl)jJua 1000 _ 1500 ^J^3 Lt)L>cJl 03J_*JLaj 4^-plJ oLI ^>~ 

^)Jl ^I ColoLo do^JgJ t 4_>jda 4o>-j3 50 ^J-v2o Ojl y>- ^-a ^jdoL*Jo <1)1 
oLo>cJl <r jdo <1)1 .^1_P <1)j-4-a 470 J^3 4o^Ca 4 j>-j 3 50 ^Jl Ojl^0>- *-a ^CoL*C j 


D. C. Catling and M. W. Claire, «How the Earth’s Atmosphere Evolved to an Oxic State: (762) 

A Status Report ,» Earth and Planetary Science Letters, vol. 237 (2005), pp. 1-20. 

K. Zahnle, M. Claire and D. Catling, «The Loss of Mass-Independent Fractionation in (763) 
Sulfur Due to a Palaeoproterozoic Collapse of Atmospheric Methane,» Geobiology, vol. 4 (2006), 
pp. 271-283. 
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y3 y3 (j-Ss-J j*Jj C Ojl jJ>x^\ \j | y~> J^L*Jo Lr lj> 

yjl^u Lo«j 0 <2j\^}\y-*S>- A^3 ^ °LX* ^Lp 0^-*-ko 3500 _Jl 

.UAjI j»Ip o4000 -U (£j 23 



^ip l/>L>cJl bJXLo oLw>Jl ji lo 

j5l!l y {j,J>-\ ^lol ^^5 L!>UJI S^Jxio SL^ ^Jlp y&j3 y& Lo 

<r j-ygj' £-lc>cjlj C ^^>J>cjJl C_3j_v^5sJlj C ^4»O^L>cJl OL) Jj JJ C-Ol 

^ J_>tjJl ‘r-y*-*jy . ^Llfljjl £ j U>- ^JLvL^jl ^_>C_>C_> ( ta _3l2Ll£'l 

JUl j c (jjjjl ^TJ-i ^ ^ j^Jl o3_gJ Ajjj>cJI AaLp^I cJt)L>“ yA j^j 

yA A^S" yA oLw>cJ 3ys>-y ^y yjy.<-**-*%jj 2JIl& OyS^ yiy .^ 

C)j3 yj* ^Xww*_j oi yS^~^j ^jl)i c i_jsl^j>- ^j_*_> ^y I j-&j 
^jU>- c_^S"j5" 200 yA yS\ <_iL2j5"l ^o aJ| cJjJL> a_*jLwZ» odULw&j 
L)i (JLoJl^-1 23Llaj c L) y^^\ ^ oljLJ-» Aj>- yj <. u'yi ^^vwowJl)! LloLLlj 

oL^ 3ys>-y <Jlo2L>-l d)li c A^J_Pj j_>cjJl oJ_g_j aJLL* 2 Lo <^S\ j_^JI 0 

^ lJu& j! . (765)(764) ^Jl y 100 y jjiCJl y (_g^i-l ( v r S’Lol ^ 4 _>^iS2> 
100 o^5l!l <y <sy~^ ^j-^l 0 ' L^>L>cJl Isj^xjla ©Lo- 3 y>-j y L)l 

.Uj (766) iuJl J 

0y* y^ (Lr^^ 9 L>t)L>cJl o^J_*JLo SL^ 3yj>-y A-ulSLo| jl (JjJl y 

L>*!>\j>cJ| Lo oLw>iJ| O-jLS" 1^ |j .1 JL>- Oj^Lj A-Lo c_^_S ”yS 0 L 3 c Ai-J-V? 

.4j2^o-P «Lj>-jJA lXwo'y JU^Jl ^cdo2j t L^^o-> *}L*_9 

c«(Milkyway) (aJLUI jl) ^JllxJl ^j^ )} c LJj^o y^y s l\ ^y 3 j 

aj_>c_lJL> 4_l^L^-J| olj_>c_^-Jl ^jLs . j-o^l |j«2i ^3 ^-wvwJj ^JwoLp 


G. W. Wetherill, «Occurene of Earth-Like Bodies in Planetary Systems,» Science, vol. 253 (764) 
(1991), pp. 535-538. 

D. M. Williams, J. F. Kasting and R. A.Wade, «Habitable Moons around Extrasolar (765) 

Giant Planets,» Nature, vol. 385 (1997), pp. 234-236. 

C. McKay, «Time for Intelligene on other Planets,» in: Circumstellar Habitable Zones, (766) 
edited by Laurance R. Doyle; Introduction by Carl Sagan (Menlo Park, CA: Travis House 
Publications, 1996), pp. 405-419. 

S. Chang, «The Planetary Setting of Prebiotic Evolution,» in: S. Bengston, ed., Early Life (767) 
on Earth, (New York: Columbia University Press, 1994), pp. 10-33. 
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d)Jj c ol y >&*Jl ( JJ>-I.5 Sjj>«jJl i>jlo>Jl ^/»! wLv2_)Ij U 
a>^ s-c-s^Jl <S\ j^JI oLa d)li ^JLJLj c o^L*-oJL> o^03 ol^>c^JJ a^j>-jL>cJ| j^loJl 
C (J l_P ^ j»oljj_> jJL>c-a c_5l j_S\JJ *J 1-^j 4 jV ^-g-a l^-^J *® 0 -~wJ 

Lw«Lla_) iij_>cJL>j |j-& . ( j_ 0 **Jl ^ ^ l J l-^-l ^ y^~ L* ^-., - \ 0^ ^ * ^*J l ^ ^ 

jl C C_^S" J^" jl ^-> 6 J ^UaJjl ji ^jj3Ji>rLj La <J 111! 1 (_£ jOv^a ^3 I 

O^Jl_j J_3 ^jVl j! ^j-a j*-P jJl ^-LpJ .^jVl <_-S"J-£Lj t i._oi-fl jl U_^5s_>J_S" 

£-a ^*5" ^UaJj'yi ji (j! VJ C^^LJI ^^3 ^S\ j^sJI 

. l$J 0^-aO <LjjlS" oLallfijjl i)j 5 ^y 3 *)AjL*aj ^j^jVl OJl^Oj C ^j^sjJl 

P^LoJl ^ jO*c-oJl (jlS" LoOJJ * ^ j)L>c-oJL> 0 ^>c^oJl ^j-*Jo 

4_*_^JaJl ^^5sj*J o^U. aJL>- ^w«_ooJl LwaUgjJ oi^laJl <^S\ j_SL.U L).sL*_oJL> 
L^3 i)j£j (1)1 ^j-a y*^p\ ^^*J| 0)0- I J>*_) j^S*)} I ol j^>c-oJl (jjj • Lj j^>c-<>J 4 -pL*J l 

li jjyj^j ^x>j>cj <Lwwt Ji?Liu l^J i)j£j (jlj .A> <S\ j 5 " A^lS" (l).}L*-a 

c o^L*_oJL> o jJa3 4_o j_op <^Lw<>j>cj ci^Lp. oL^s-cJJ I^-a-Lo LpL*-w*>| 

^ j_>c_> oLJLj J_3 j .^-j>c_j 0 ^-^-a La^J_P L^-a J->*^ l )1 ( j^° C_ 5 ^^ 

Jl L^3 SL>JJ <W5ji C IJ->- Alis-L^j 4i*>Lo-P Oj>c-w^L3 C—o->J ‘L^wo-j' 

0 ^-awLoJl <U_>jLSUl d->|jj>-'yi ^y+~S> ^Jl 4_3L*^?| C <lAj>-IwLJ| L^S'Ij-S" 

o^L^JL Ij_^“ 3j_wA 3 ^5s_*xJl ( 4 _j j_v 2 -wJI) ^11 oljj>c_^>Jl ol Lo>5" .L^o 

0 J~S oIpUoI jijJo ol^>c*oJl j5"l^a c_ 5 ^J *® j**-** 2^1 ol^y>c-oJl ci]Jwl5”j C 0 >-Lw^j 

^ olw>JJ ^^.Lw-I (Galactic Address) (^^Jl o^-jJl jlj .oL>Jl j»LJ 

.L^UJl S^oo oLw>cJJ { j^\j>-j i 4»Jj>Jl SOj>-j ^jj 

|t_p^Jl ^)-Pj . L^wsO 0 j lOa 43 II? ^u!j ^^ J> ~ C_^-5"J^" jjJu 

^3 ^‘w^S'lj^" ^3 I Jj>- oO*_) olXo ^3 Jj>-jj Ji L) j^SUl oLj>- jl ^a 
^jS\ cl)l j-*j>cJ 1 oLj>-j LM^Jl oiJxLa oLjLjJI ( 1)1 VI c^-~w<oJl pUajJl 


Lo j_3_) 




OjjJaJl 0 j_A d)lj c 4 JJJL*^a Ojj_l? ^Jl ^Ll>c_j 


K. A. Maher and D. J. Stevenson, «Impact Frustration on the Origin of Life,» Nature, (768) 
vol. 331 (1988), pp. 612-614. 

M. H. Hart, «Habitable Zones around Main Sequence Stars,» Icarus, vol. 33 (1979), pp. 23- (769) 
39. 

L. V. Ksanfomaliti, «Planetary Systems around Stars of Late Spectral Types: A Limitation (770) 
for Habitable Zones ,» Astronomicheskii Vestnik, vol. 32 (1998), p. 413. 
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d)l J*3 jIj Jp j bb y* ^LS"! c_—Ua_> jJLLs ^ ^j-jwwvJl djljLwLoJ 

^_%5 ^wO- ^_9 .JjLp CO 2 (1)1 ^-^P J*-^-*^^_>c_]l c_3^\_*Jl ^_-_v2-J 

^L*_> Nj £jL>- ( /^s Laj oLoXjl ^3j 1 ^^w<>-aIJ1 bsUaj 

jl oLJl wUl^l jJ 4j 1 jJ 1 j->Jl ^i>L*Jl ( J CO 2 j^j -> 

^j_Ls ^j>-1 Jl j-p (_5 ^ L>^U>Jl ob>Jl <ij LJlu Jj .a_>j_JlJI oUaLLJl 

£3^ Luli dJJjJ A^oJ>ejJl A3 UaJl ^Loo (1)1 J ^3^L) 

^51 j-SJl J ^ 9j_*_> ^ bij • A-o*}L> j <LoLu ^j_>c_L) aLs^ooJJL*-a Sb>- 

cJujl jj L)*>L>eJl (OJ_*JL« oLj>- Jj AJj^sSL) oLo- ^Jja oL_>Jl J_9 Oj JaJ 

1 c_3 jJaJl ^ la, 1L L-jjJj .^ol ( 2j» AX^JwoJl AiLiaJL J 1 jS ^ 1 jJa. y? L 

Ay«^C»J I C—jLflj^y 1 ^J-P A^C.1 A3 Lwm^O«J 1 Lo wj«3 C ^^ .v—Ow-^nJ 1 Lw* 3 l 1? ) ^3 

J*p 0 ^Alia (wJ^>cjJ UEIS" lJ-*_> ^w<>«j^J1 ( /^p (1)lijj .AljbJl oLJJ (l)LL*Jl jl 
aJI Jbj AiUaJl aLJ? Lja_*i aJc; 5j c (Tidal Lock) JUJl 

J^>- 1 jjc^^a bbji” IjlwLa L)|j c A_bbJl (UV) <^>e-^b_LJl J A^-bi'yi 


.^ 1 LoAA**%»«».^LyJ I o J ~SDl ^ 1 ^11 ^ ^ ^ »^J^ c 


^1 1 ^ ( 3 ^ 1la p ) 1 wA_^“ a^j ^3 L® 1^ 0 A^wvwo-*b 1 ^ l ^ ^ 11 ^1 

j .Lg^>Jg-^ ^1_P aJ-jLwsJI oLwoJl wL^-l^)o ^>3 L^_LP ^JL^lwoJ 1) 1J-^“ 0 -L^JO 


0 jJLS 


A3l.la.il 


Lr" 


’J 

<i)ii cdiii ji Aiui . (774) j'^ ^ j'^ r 5 'Mj c aJ_j A^L^j 

(jVj t^j^aj'yi ^J-^ - ^-ia-^Jl oL-« j-~r* cJ^^ 0 j- >c -^ •w-S'lj^Ul ^j-o OU> 1 jJa-yg^ 1 

Jlj ^y» A^/iLoJl ^Lp (1)^-U>j 4000 Jl J*!)U>- J ®La 1 wUa_y£> 1 

(i)^jJ (i)jaj>c>j li_j • al^ji AbbJi L^-Abo-j ^^aj'yi dJajLj>-i jjs3 l ^aj'yi 




i bl Jj>- 1^JL; (1)1 Ai-jbvJl oLwJJ 


D. P. Whitmore [et al.], «Habitable Planet Formation in Binary Star Systems,» Icarus, (771) 
vol. 132(1998), pp. 196-203. 

G. W. Wetherill, «Provenance of Terrestrial Planets,» Geochimica et Cosmochimica Acta, (772) 
vol. 58(1994), pp. 4513-4520. 

J. F. Kasting, D. P. Whitmore and R. T. Reynolds, «Habitable Zones Around Main (773) 
Sequene Stars,» Icarus, vol. 101 (1993), pp. 108-128. 

J. F. Kasting, «Runaway and Moist Greenhouse Atmospheres and the Evolution of Earth (774) 
and Venus,» Icarus, vol. 74 (1988), pp. 472-494. 

N. H. Sleep [et al.], Annihilation of Ecosystems by Large Asteroidal Impacts on the Early (775) 
Earth,» Nature, vol. 342 (1989), p. 139. 
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& \s + -f*. S' ^}-0—*0 t ^ 1 ^ l- L?— >- l i ^ ^3 l ^-S'l^ ^ J1 ^lL^S" ^ ^<-lo C ^^»*«*wQ»J I 

C-~Jo ^^jJI 3lj_<Jl .Jai Aj ^^5 (Gravitational vacuum clearner) ^SL^- 
<L^>- oljJL JL>JI oSjbj .Jj^l ^_S"j-S2)l oj-5GJl j»*o ^UajJl 

C_) C ( ^ ^ ^ ^ I 9 ^CO I ^ j^O ^ ^ *— 1 \J 

oL^xJJ *w? ji iibwA Lojjj l^ sA j^,\j (Jj-*^j 

• l-Jjo c_) i 


4_>jJ ^_£jJl ^s >-jJl ^S\Jl 0\j .-Lo>- j!jj>- ^3 lo} 

_>co ^^J>-l >w»-S'l^-S" ^\ jJJL^lo ^jJu ^J . (J^-JLa 4 _oO> t-2*“ C_-o 

Jo C IwLg-S" jl cl)^3 . l-ygj I I ^j2JL*^os jl Jo3 ( Jl^_>cO ^Jo C JgLA3 


J^Jli . (777) r Iipl 
jJos (1) j-Svo d)l J 


Uoa 





J iiljwft d-oLS\J^ t Loo 3 ^j_Sl 

Lla-o>co>Jlj ^j_>cJl ^ ^ ^ 

4-o jJlSsjJl ^co L fl,o9.II oJ>LjwJ 4^3IS" 4 j^->c_*-sO ^o>c_>cJl ^_o^o Lo-5” . Ij 4_o jL>co 

oljLJuJ I^_oal>3 c_JJl ^J-P <L^lS' 4 jjO>c-wwJJ 

. Lw^Jg-L^o ^/Lfc-a J ^ yg UoJ I 

gjj , (780) gu L^kj^ uii j ^^>ji JkJi ^ oV i^jSfi 

^L*_Ji^yL ^^J-p L!>UJI o3J_*joj oLo>cJl c-o j_jJ cplijJl I j_& 

I oLia-o>c_^o ^L^vwOw^Jl ^lojJl C-*-i-o2_*Jj c ^j^-SoJlj I 

( Jwo-*o C LjJJ j\ j^ 4-oloo^Jl JcJj 

•c3'j 

( /^o> I J -^_5' J-^J *• ^-dtjlj_>cJl ( /^os LlJJ o-^S"I j_5sJl o-> cl)} 

^jJl j-oJJ \ cjL>c-oJl d)|j_43 ^_^} dU3 (£^J .4^ wL^J>cj A3j 


.^j^l 1 1 jl U5 .j5vJl j ^j-o $y>-j <ci j-v^2j jJj Uai>-I (776) 

J. Laskar, F. Joutel, and P. Robutel, «Stabilization of the Earth’s Obliquity by the Moon,» (777) 
Nature, vol. 361 (1993), pp. 615-617. 

K. C. Condie, Plate Tectonics and Crustal Evolution (New York: Pergamon, 1984). (778) 

V. Solomatov, and L. Moresi, «Three Regimes of Mantle Convection with Newtonian (779) 
Viscosity and Stagnant Lid Convection on the Terrestrial Planets,» Geophysical Research Letters, vol. 24 
(1997), pp. 1907-1910. 

M. W. McElhinny, Paleomagnetism and Plate Tectonics (Cambridge, MA: University Press, (780) 

1973). 
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c~oLS"j .IL<>ww-v_>eJI c_3JJj j5Ul £'L*_*i»^M ( /^s 

( 1)15 Lo-jjj . <jLL?^>c-^j ^j_>&Jl 43 * 5 Lp ^L)jJl C—Sjj>- l)I a>^jcJI 

<LoL 5"^--Jl J^->c-v2_)l dOj-3 C ^j«5"lj-> 4-^9 (1)15_J C ^<_9 C-> lJgL^>c-^ ^C->j-O-U 

^a 5 jjj t jL>- £_c5 ^-<51 y-A jwLv2_> pLoJI IJ-& (1)15j .pLoJL> 3wbJ_>cJ! 

^j^j2_>-I yL) (1)1 (w—>o C .l^SLJl oLw^cJ OjljLo-oJl AJLwJl .^-L*_9 

4^3 aJs*-^ d\y N oj5w>Jl oL^>cJl ot j^»Jl ^^Lp S^j_>-j«a Oj5 L^iSLJ 

.OjjJ>c^ ^lo-Pl 01 -PwLv2j ^3 L) lJUj 

^J-P j^>-j-oJl L*)L>tJl o3J-*JLa oL^sxJl ^^Lp ^j-vwo-^Jl Ja3L>tJ 

4 SLL 2 JI aJLp oU-^vJ>- 0-LoJL^woJ I 4 j j_>c«oJ| olo^^Jl Jj-a <jli J J AJoIj 43 Li? 

^Lp l*5L>cJi sl>ji (ji (J^i cy*j • < —■^jj_^jj-w>ji 

4 ^wwvwo- 5 J| AjI )L>c_Aj I 


0 (. ^^5g.Lx_oJ 1 ^UajJl ^ ^ 3 ^L^j>c_> 

^^JgJ*-^Jl c_3*5L*Jlj *—3*5L*Jlj j-J-»-^Jl ^J^LLJlj 


(783)(782) 


^j^j'yi ^1 _p L>>L?*tJI oLw>cJJ ^-^L-*i1 ^pL*-J>^/1 i?l5jJl d)| 

J^J .ii y>^> Jj-o-f- ^ j»^Jlj^Jl dis^j J^j 

5lSljLaJ . ^Jg.^11 l > ^3 (5^“^ (lr° 6 '-'-^' L*-J Li 1 C_5Jl 4 j yJ>x^) 

/ 0 ^53 a5_^ j jjLw? Oj>cj *lj->-l J} 4 j j5c_*Jl ^J-a ^Lk 

&MJ -J^' Ji ‘15>I <J U J 0jl>cJl ^jJ-s^Jl 

( JjL^ % yi Jl oj^Jlj ^^ip-Vl iUl^Jl ajj!^>J1 A 3 U 2 JJ ^I^j>cJI 15& 5 

^jLw2 J1 aS" ^jVl *\y>-\ y->JJ cii-SLflj ^Jl i^Cf^yj L« 

^3 wL^>-jJl i^5J-^sJl L)}j .^j-JwwvJl c_3 V yi J_La t oJ_& 4.0jj5LJ 1 

. Ao^ jLLs^ ^a Aj^5.3 (1) y£*> 5^^ jallkJl 


M. H. Carr, «Mars: Aquifers, Oceans and the Prospects for Life,» Astronomichskii Vestnik, (781) 
vol. 32 (1998), p.453. 

W. Broecker, How to Build a Habitable Planet (New York: Eldigio Press, 1985). (782) 

P. D. Ward and D. Brownless, Rare Earth: Why Complex Life is Uncommon in the Universe (783) 
(New York: Copernicus, 2000). 

R. 1. Hill [et al.], «Mantle Plumes and Continental Tectonics,» Science, vol. 256 (1992), (784) 
pp. 186-193. 

R. L. Larsen, «Geological Consequences of Superplumes,» Geology, vol. 19 (1991), pp. 963- (785) 
966. 
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d)j3 y* AjL^-P olk^>iji C-olSoJ c Lj jJL^J I £cJ>La_v2-)l VjJ 

oL>JJ <l^oL>I 4_L>c-yg-Il oLJl £_v^l L jLJl 4_*_^a>I jJl L*oL)l d)jj . LnoLj 

^_l_P o L>JJ L-o Lp jJo ^.j Log. 11 <LJo .^jVl ^ 5 -^ L>VLJl o3-A_*Joj 

d)ljL>-lj t o-^>lj t JJUlj c L^_>cJlU <lJI JL& o-s^J L^jjJ-j j .^jVl 

.^jVl ^1 y~* y° 0 j-^Pj (1)j->J-^LI ^Uj f-LoJl oljj3 LIpJj d)j_^Jl 

^jji jj>cJi j_>.-l*ji l>^ 3 ^ 

aJsJLp oLJl d3 LLj>c-JI ^\ LjI-LJI 3l^-Jl Aj ypyS\ ^gJ 4 L^g*-lJ 

oLJl £3-X3 <,4jy>cjj Aj j li d^Lo ^3 Aj^-fJl L>Jj>o LS" . Aj y>*S I j-*^Lp ^3 
^LoV A-o^J>- d-LL^-S ^Loj C^^gjVl y^- 3 JL-oVl Ajj^j> c_og ^3 

. (SIMA) a-jl]jL> 0 j_JL 3 ^^Lp SIAL Jl . (SIAL) Ajs-oig*- LjLi d->Lol 3 

. yzsj>S V L^_l5vJj toLg_JLo d)lj c^_3jjJ d)l oIjUlU ( j-SLoj 

Ja-g>c-Jl oL* ojj^ JaLjl d)lj t wLoj>tJo d)l ySS^jj tLlUl oljlJjJl ^SLxjj 

.jj>JJ e-lwLJl ji jj d)lj 

cC0 2 j h 2 o oJj^3 1 _ 43 ySS~^3 C < 1-0 jjJoJ I ^co L pg. 11 <lS" ^_>- O.o43 jJ 

c->LL?^ j>c-^J 1 JujjJ >._iijjoj c JJLJl ^j-p JLJI 1 ._ 43 jjoj c LJj5 

JgLJl d)| .^cj LpgJ' o-L d^Ljo ^pL-JjVI JgLJl aj^>c-o J ^>0 c oLp^ .pIjaJL 

IS y>cS ~<*Jl Aj y> c-wvJl ^J-P A-o Lj>- <C-o ^-oLol ^pL*_o^M 




VI 


. ^_pL_*—oVl -i?L-^jJl LJ (J yJiyj . y ^ S'! ^o 1 ^ ^jVj 

.j^xZaj j t ^>c-v^ LJ^S" <1)1 t (JjVjJlj t <U-s^Jal*-J 




(jLs C Aj^Lp _ 2 -^P' 0-^L <U2-Jj>J| ^3 aJU^ C oL>cJJ ^-oLol e-LoJl (j| 

C LjL-Jl C JLJI .|jj>- 4_*_4 j ys d)LLp <U>-j3 C 18 Jl t* A-^ 3 

V I^L-Ls .Ajj^» <L>-j3 33 _ L^jLLp <L>-j3 (17) AjLLs (^j 3 l)jj LJ y 0 *^J 

*LJ| w\Jj>- i)ySS (1)1 0-^>c_> ^r 5 *"^ A-^>- Lj ya .<L^_}LLs Ojl Jp- <U>-jwL> f-Ljl 

d3L>-j3 yc*S? ^-4JLwvo j ?-LJ! l)]^ .lULS" ^j-vJ .JoLJl pLJI oJJ! 

.aJLs 0O-wJ AjLoj (l)jj l^J >^1 j-o t Lip- OjI y- 

j~S jIwL- 4 tjL>cJl f-Ul ^0 jl pLoJ 1 jJjJI ^0 ^LLjVl 


V 


. <L3 


J l 4 j<Lj>c-oLv2o ‘bLj JoLJl f-Ljl ^Ja-o 

(_£j3j oUa_>ljJ ^j-o OwAJL^j ASLo A^3 ^^•-Vl JjI j-Jl Jl* 

*i£yr ^LJ jJ Llj .(jLaJl L^_L_3 o ^ 


LUl 




*LJI 


oIawO <La^O L*^o 3 
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d)l <LolwL*Jl 3l j_oJl ^jJ t oLkjl j V ^_Lp 

^z\s.^ ojl j_>- CUjLSDj c oik* >c_^J' ^_*_3 ^^3 4jjJ-c-wJl clLvwoJ jjJj t L>*>L>Jl 

J^' oLwoJl wLo>^>cJl]^ c ^^JL^Jl ^jLv 2-)1 d^_>cJ 18 ^y* ^31 <^S 

O-b-j oU^xJU ^jVl ^^i-P b>^>cJl o3J»*JIa oL>- iiljwA j jiJ O^J ’ 

.<_o ^p f-L>Jl oV ^j^jVl ^^Ip 

oL^>cJl d)*y (j^S\JL> <sSjS l)Lj ^^SsjixJl ^Jl ^Jwwo-j Lxj| 

^d)li c ^j_>-l <^*Sy*-> jb>^-lj <_>j_>t^>- ^51 j-^-j <jjLa^sj .*l5_p 

(jjJ^^Jlj ^LoJl I IjljJLa (1)1 jJ-oj .(1) jjj^sJlj oLwoJl ( y^a *^\_JLv£> 

C 4-L>c-vg-l I 01 - oJ 1 ^Jjl J-^J ^Jjl J-oJl J j3 '^-i {j-* j-^L^Jl (l)Jj t oL^s-cJJ 

j3 t iiLLfcj LwA 4_> jl jj>- oLw*>Ljj>-l <-1 jJj>o c CO 2 ^ (1)j-j^^J1 J 

^jbU jlj . Lj^>~ V1 c_£3^J ^1 ^JwLdj (_£jl ^>- C-iJg-L^5 e-LoJl ^Jwo-*-) <C~a ^Jw53 

^jLlvisJ! ISy>- ( /^s jjjwUJl S 3 1p}j c (j jj f-LoJl ( /^s ^slSsJl jIjJL^JI 

aX-oJ 1 ^3 0.5 ^Ip VL^-1 I ^jj^>oj .c-oU ^ ^c ioj-xScJl 

^_PjJl ^i,P j j-sP olkj>u) ^JlP ^il5 Ijjfcj t «^Lo JaJLs 

^aV^J I jl j-oJL^Lj l y? j f-LoJl 0 j-s_*_y2 j_>3ljL« jl ( /^>s 

OwL^JLw^a ^y^jVl L^S"j5\Jl oLw« (1)1 V| t j±*Jl ^^-3>\-*Jl ^3 0 L 0 XJI 

c oJ-jJ- p cL>lw^-! ^>3 oLwoJl oj_& ^jS-*-> ^Uj ^j-o-p 




^uLv^l oLw« JaJ I oljjw\Jl) ^jjJcJI S^IpJ 


0L^j>- j_£jJ ^jlII a_> 3 L^JI j-^p Vi 3J-p j jJg-Lj Ujc-p j 

(1) L>t)^>cJi o3J-*-1>3 oLj>cJ| (1 ) (1)1 wL>cJ 03J_*JLa 

.Iwbjij UwX^>- (1)15 


^3 (JjjJLw%JoL5j-o 4JLwoJl o3J_*JL« C—5jJ 

?•!jjo*)AJ o^jUst^s 3 J-P 3jj>-j ^-o5wOw5" oljLil »*iUljw& (1)15j .oL^i jJ 

j 3jSJ *)I aJS 'yi .^»Lp (1)j-5- 4 * 1000 ^Jl 1500 ^Jl jj>- o3J_*jla oL_>c_> 

doLS" <lJ ^ _J L>c_^>J I Owi_A d)l ^_jP ^Jl ^_1-P^ t dU^ ^_PwLj 4_I? yJL>^jz ^ j jJLs>-\ 

J_ij .i]lJul <Lj^Jl i—3 j jJaJl 0 d)l LlSCow^ ^51 VI t 4 ^>gj>-5 

^Jl ^5^ (_5^^ (^rc^"Vl ^l)woJl ^^*_}) c ^LwJl ^3 t)^l-5> 1 j^xj ^>3^1 tw-*-Uaj 

. L)*)Aj>eJl 03j-xl« oLcsxJl <J 1J-) 
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J ^ jm*A Q l— a5. *./2 & +. A 0 Iww1—*»*J»^*> ^53 ^ 1 L^-J 1 ^ A ^ l— ^ ^ 3 

a^jL^ow^SvJI oLjJ&JI . ^Lp 0580 750 ( J^ Ls $yJ 4_> ~l2j><J I 

CoA> jJ aJ*>\J CjIJ_L>cJ iiljwA jl 


3Jy*3 j* ^ ***^ 1 »A_l_^c — J' ^ ^ »wij f 

ijS l $ : : >- cuJL5 ^jSfl jL 


15J / ^<U>Jj c^Ayal 0 jS Lojj J 


4jJlJl>J| ^Jl LUL aS’Uw 

^Lp j j~1a 420 ^Jj 450 4 JLa- j/ oljJ->tj 


J_ij t (Neoproterozwic) 

(788) 


;j^j 


(790) 




1500 

l)\j t (^jjjU) aLp j j-J-a 132 _ 151 j t (i«*jj) aLp j j-J-a 260 _ 300j 

Jj*>jj jJl>-j i aLp j j^Ia 34 Jbj ^x>Jl v_Lull)) jJl>- jl^—a j»Jl Jl 

.aIp j jJla 2.67 JJ 


^j-A <Ua2*)U>cJUaI ^IjwoJl 2i^J>cj ^ (_£^>Jl CO 2 Jl jl ^Lp ( JaJ.XJ| j) 

(Ordovician- jJj^_L«A _ jU_j^sj^jjl ddJ_L>c_: JJLs .‘uLL^.Jl dj|.xL>tJl 

i _g J - r _jl ; la ll ^a^5 _ iJL^aIjj_>JIj (j»Lp j j-Jla 420 _ 450) Silurian) 
^j^Jl C0 2 y^A jl5 LaJj^p (j»Ip j^J la 132 _ 151) (Jurassic-Cretaceus) 
(TOO^jl^jl (ppmv) j^>Jl; j^JuJL t-y^ 2000j (4000ppmv) y° JS\ 
^y>^*j (^Lp d)260 — 360) cl)L^>jj — ,yj jjjLSsJ! J-L>o ^ d)l5j 
lilj .^L>Jl jJl 15 ppmv _j ^\j>\ IJu* j t400 ppmv ^Jl< lJ C0 2 
L^wX^p jL>- j^~ iilLk 2)15 *ul J_) t 4 _pI 4_jjl5sJl 0 O-L-S 

2)15 tdUi .4000 ppmv ^^Jlp x>y y >Jl ^ C0 2 j5jL5 


P. R. Dunn, B. P. Thomson and K. Rankama, «Late Pre-Cambrian Glaciations in (786) 
Australia as a Stratigraphic Boundary,» Nature, vol. 231 (1971), pp. 498-502. 

G. P. Halverson [et al.], «Toward a Neoproterozoic Composite Carbon-Isotope Record,» (787) 
Geological Society of America Bulletin, vol. 117 (2005), pp. 1181-1208. 

P. F. Hoffman and D. P. Schrag, «The Snowball Earth Hypothesis: Testing the Limits of (788) 
Global Change,» Terra Nova, vol. 14 (2002), pp. 129-155. 

J. G. Meert and R. van der Voo, «The Neoproterozoic (700-540 Ma) Glacial Intervals: No (789) 

More Snowball Earth,» Earth and Planetary Science Letters, vol. 123 (1994), pp. 1-13. 

G. M. Young and V. A. Gostin, «An Exceptionally Thick Late Proterozoic (Sturtian) (790) 
Glacial Succession in the Mount Painter Area, South Australia,» Geologial Society of America Bulletin, 
vol. 101 (1989), pp. 834-845. 

R. A. Berner and Z. Kothavala, «Geoarb III: Revised Model of Atmospheric CO 2 Over (791) 
Phanerozoic Time,» Tmencaw Journal of Science, vol. 301 (2001), pp. 182-204. 
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zjj&\ j\^\ ^JL*Jl CO 2 j-5 jj d)l ^^gljJl Cy 0 ^ *dJj>tJ 

/*JL) clAJ.5 (1)1 *)! 1 ^>cJl CO 2 y^> j-> J j5Jl 3jl ‘^T ^tAp 

<_3*)^*Jl ^Jl CO 2 -Jl < 1 )L~>)/I olsLdd d)| I)jJ^aj ^j_>jJl dlsJjl ( J«3 ( /ys <JjLj 

. Lo^S" l_jl 1 *«■—->wij>eJL^J ^^>cJl 

jJl>ji j>3 s^Lp| .j ^o„ 11 ^3 aI j'y^j jj->cjJi jijj. 

oLs^JL dU.5 ^o-p 3^1pI *" JcJU-Jl ^jLLyg 4iL>- ^^1 p ' 

^JJLa t 4 _*jU> (Tillite) O—LJl ^J2 l« 4-^*5 j*)M 4 ->-X 5 ->cJ 1 j y>z +&,. 11 d)jj .3j-g-yaJwoJl 
^>jJl>JI ol^w>c-Jl cJl5 JuiJj / ^ J->3j_^vJl oJ_^>tJL<Jl <j jj>c .>.,/?,11 4_)^jJl 

Jw^SwjJ Lg-^3 y AJwJaJl JplijJl ^0 iaJLs J^_L3j c e-bldJl ^3 jJl^JL oliaJoj 
jJLS”! oLiJ? L^Uya 31 ^^3 0 A/? )woJ 1 oLw^Jl C5 yS Lo-Lo t 4JL^3 j oULJg 

VcirvC 0 y~^~J j^->c_vg ) 1— )y^*> (l)^-5jL> ^Jl 4-JLJgJl j y>x ■>./? ll od_A (j| ,4_S"lwO—^ 
d-o^5sJ aa^-*J1 4 j^>c-Jlj 4 ^ s i>j'yi 3jl>cj>iJl (1)1 (JJJj . 4 _*jLwZ> (Shales) 

f-LoJl ( j-« j-25 iilL& (1)15 4 JI j^j J_L>c-i]l (JtA->- ^5-x^Jl L^_yg_x_) 

^LLjl ( 1)1 ld-k^ *c£j^ ** —^ 1 -^ clr^d ^ AjI ^X_>- i L^*< yy>*~a 

• JL* 600 Lo^jj 400 (J^^l ^ 5 ^ <1)5 <w?Li> 6 jlj jj>&51 ^ y~*j3 


(Drop Boulder beds) a_> jJai 

. . . (795) 

CJT 5 ^JHJ C 


J>c -yg Aj jJ>c-Jl 1 

^^>cJl Jo-jJl (j^P ^^5 ^j>c-Jl ^3 io5 4 _)wL_L>- (JLj>- ^ SwLoJL^j 

.<jj5j>- olp yos^js 5y>-j 5iJ^ .wbJj>cJl Jl^5I 0 L 0 jJ ^jS'L^'yi 

^/?Li>o 1 tjj>c-Jl ^Ja-^ ^ia^j LswXlP j5j>cJ 1 d)l yj>z^S*^k} Nj 

J-J->cJl l^-o L aJJsS'j .^>c-Jl ^d_3 ^3 J_jJ_>eJ 1 J«^v51 0>Lww *»y cli-S5i)o ^J>c-Jl 

1 w)j 1 wX^^S” Ixj wXj wX»^p c 1 ^ ^3 01 1 ^ Ij 

0 wX»^ wXj «-X-^tJ 1 1 *> »<* ^—) ( ^ y^x—i j - l, -. 1 1 wXj wX^^ - L^” 


.^-UU- jt" l *-- J ^‘3lp ^j- 4 ^*PJ ^y2S>-j (^13 (jd 5 (Till) (792) 
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j \j jJ|)) j jj> c-vaJl j*sSj . 4 _>^j^oJj>- lj 

i y^Jj . ^aJl>JI La j_v2_*Jl (J*)AJ>- C—LSLJLj ( 1 )j_j oLw-^Jo oQa_i^j 

.LJLla jlS”J C <L>-j5 40 Cools' oL—a ojl jj>- *L>-j.5 L)i 0 y >^-^Jl f-LwOw^S" 

^i*>UJl ^ C0 2 Jl cJlji ^Jl (Cyanobacteria) iijjJl ix5b L^iCJJ jUojl 

j-^xJ I ^jJLwv^a d)l J-j .A_j y>^-> < JL>cJi3 C^LJg-^v^3 *LLo (_£j_>cJl 


jL>c_d_j| d)i y-i & ^->-1 (J^-3 iiLL-Aj . jljLaVl d->l2Lo«J Si A_p 

oj^ ^ ^"1-LoJl <5*j^>- obc^Jl 


C |j-A 4JL3jJl jlp oLj y* *L>- U^J <• 

. j-ww5"ljJl J-*_> 4_iS"lw\Jl ^jjJl LjjJlSLJL 4^J->c_L9 ^ j-***' C0 2 —Jl J^LpI j 

.^JLdl w\Jj>cjJl ii^>- L*_>j C0 2 j^S"j-> ^3 13 -a cl)| Jl 

( JuJL>t_Jl wCLs ^JlS"! j~* J-L>cJlJI L)j 

A*_oJ>c_>j oIjLaJI C-olS" C JysjJl ^213.5 ^3 4jl ^Sjjj j^J j-JJ-~3l J^.wvw1 

L/2_>1 jlS* Ju i *\ jJLw^I i2_>- ^_Lp 3 J_L>cjJl ^j_SLj |t-Jj .*1 yJ^ % )l\ ia_>- J 
^J^3l y& ^^>*4 L*j 

^rj j *• 4 lJ^ j 


(801) 


^>5-Jl ^cJg^*i t^£yL **>J ^Lp 
C <ui? ) 0 )U- 4jwLJj>- ( Z^O L* 0 J^3 (J j>>cJ (. li jJj>cJ 

<zj I aXs!^ 4_>wLJj>- ( y^ l» Cr*~^ ^ LaJ-*j 

• ^Lp o420 _ 450 ^yjij wCL>o ^J^.5 

(j»lp j y\* 730 ^1 y>- JuJ) (Sturtian Qlaciation) y^. Jl jJl>ci!|)) jLS* 
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^olJLa SjLaJI 5J52j2j ^yS\ j . (Rodinia) Lj^o^j L^-ow^l o^^ 5 55155 IL^a 

cjJLlialj .^Lp 2)j-5 755j 825 j->^j ( Jl* 3 2^51jdb 55a cjJjLJI y* o^5 

4^?L>tJj (. CJjUl ^Jwpl5oj . CO 2 y* ‘Uj>u/ 5 ^ol5 CJjUI Olj5tA>l 

5 c ^l^-j ^- wfc> 5 j yr^ J->e_j j 0 J-*^j LJ Lwow^S” c 4_5l ^jLwol 


5 

(803); 


^K^yh Li-ljj 51 ^)ol dl5 c ^^fdl »5*)5Jl 2/° CO 2 

(oLoJwodlj <. 2^-51j-5l j-55 jl-5J5 y, j_>cJl 5*>L*Jl *-^>3 y* ^yyj 

t ^1-P) LoJ I t ^3 I J—& L^wi^ - J_3^ - y - 5*^ ^ 1 1 5 ^»ol^ o »-s21 ^_*> 1»^\_*_) 1 

^ju^c-w** Jj>-j_> 'V ^Jl ^-^P *(1815 ^1_P L*_*^wOJwL>| ^3 (1)15 y jL>c_flj| L cJ55l 

Ji Ji ^32 jl joUa; y;l jl ^I^JI 3 ^ ij^i jywiJl ^ 

2^-51 j_JI 0 j_5\Jl LiLya .j jjljj 15& .k^5jjj j-^j y j- 55 J-L>c_5l pIjjjI 

^3 4_1_j^1? 5 ^_>1 0 ^j_s 55k c^l5 <51 y*~*^ t L^-wvoij jpl.< l 2>1 jli*)/l^ 

^y2j3j y^ y ^511 t(j-5_v2Jl ^xJlpJI j_v 2 _*Jl) y^s- ( j»llllj yLs' £_>5Jl ( /^o^JL) 1 
L*w^ ! i ^ 1— J <1 ^ 1 •-.•—■.-!■—* »A_<s j 3 1 c, i215 2^ l—^vwd 

4_Lw5-^» yo ^»>o l y*j t iijjj < Cw«j! ^3 c Llwvwo.5 2)1 j^p .L*_>^w*» 

L>->jj .2)^/1 j-* l-o-^ 3 5d ^J^31 IpL*»jM jJ-v2jj 4^5Ia>j c^o5 ^2/°^^ 25 >t ^ v ^ f 

^i_p j-^j iS ^5*)VaJ1 «>1 L^-15 J^syj ^j»p 2)15 

^^Jwsl ^y& dlLA Oj5 L>jjj cC0 2 y* 2)^/1 Lj 1000 100 


J*>\j>- (Sagittarius-Carina) 1 ^jj 5 _ ^^jjl^-Lws. ^Iji ^ ^^^^1)1 j»UaJl 2)5 
^lj^ p5dl c Lj^jU 2)5 (_^5]1 ^Jldl jJ->cjJl cJ >5- 2)5j yjy.y^^ -dj>t5l 

(Permo- yjj-Jy> j->j!5 _ y T Jl jJl^JI <L>j^j . (Persus Arm) y> 

jJl>5 y*j t (Norma Arm) 5jjJ ^Iji ^ ^UjJI 2)15 Ujj^p Carboniferous) 
_ ^y2 /*j l 5^-^^12)5 c ^j^bjw\_L>cdl ^^^1 5.1^*^ 1 1 

^1 ji) 2 ^-^^^' *^15^^' ^5 Ji j . (Period Scutum Crux Arm) y£ jS 

. (804) ((Orion Spur) j yy Oyjj\) yyyL^y^\ J-UxjJl (5 jj5 _ yyj[yyL^ 
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2.75 j_L>o oJuJlJJI o j?ji]\ ^-Jg-x^a 4 _jIj_j jL 3^So ijlL&j 

. iw-_>j-^ JP3 3j-> j^.y^ 3&jwL*/2i I <uojjxJi oLS" ^Lp o 

OS (^2L9 jS ^gj^l jl J~a ^3 oLjjJJ ol JSNjJI j~S*jj 

wUj ^a A^J>- ^CJjLf ijljjfcj / ^ OILoJ ^LwoJl O Jj! 

J~^ J 43 / 809)(808) y/| y> j_>=rj 

y. Jl ^1jl>c_) ^J>_& ^ c ^-oJwU ^j_>L£ j3j>cJlU I ^jLi>- ^ y^^ 

^jJj>cj ^Lo^/ J>a| j^Jl 



^jy^L+~S*)Il jjUaJ .‘U-ygli! * j ^ La 530 -Jl J^>- £■1x11 j-Ju ! 16 

.J-L^- 3j-ii ^ j^M <j}j ^LxU j-«-*-j JJL! .ljjj>e_J! ^il-LygV! ^ O 18 

. jS(l ^j-a lii! 4-wS>lll ^Ip J^Lj 530 J! |»Ja^a ^3 CJl5*J 
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^_3*A-*-ii JJ-laJlC0 2J lJJLa d)cioli^Jl oljL>cj2j s yi c.-w^j>cj' 

Ji ^_i_p i3Li_Aj . 3 ^ 5 j_sciJ ^j_>cJi ^_3*>l*ji ^_-_A^? s yj ^josi j->«Ji 

<-oL5"j_Jl 5jJLll Lg-3 d-oLS" oj-3 ^_3 c^-La/?-j>- ^Jjj_> oIjJl^jJI 

d)^| c ® ^5" ^-5" <1)15" taj 4_jl j*s* .*l^2_4j>sJ^j 

^_3*>L*Jl ^3 C0 2 —il ^3 ^5 v-oL«Ij3 wLjIjJ iil-LA |*J L« t 4 jjj>c-w*J|j *j-yfl-I' 
aJjjjJI <LoLS”j-Jl 5jJLli ^Ll>c_) LlL*Jj .^_1j ® j^ ^^JLJj t* l£ 

iLolS"j^Jl ojJLll (J \y?j>-\ jlS b\ t dJJJJj J-L>cjJl j ^*jc .J 

<u 5”I3 L ( JoLojJ o^I c yjyj^y wUj>cjJl j_& <Lo^SJl 

J! ^ ?^LoJl ^ o^l 3 Lj>JI j! ^w>ljJl .(Cyanobacteria) iijjJl 

fU^‘1 jlS o~ J\ 

ji J^s- (8I0) ^Jai jj ji oJubJ IS) IjJl>J ji ^5" ^>td<>Jl oljUJJ 
^_SCj do Id-oLS" ^_^yyyj*~* yj j-~Ji ®^3 djljLiJl d)j (J^JL> ( Jo'yw\Jl 

.^5 'JJJj*->Jj-> j-dJl J-L>dJl ^3 oo2-& C_5^° L)1 dUJJ LdSL^_9 C d^Jg-3 

Jlo>Jl *Ll> Ju^jj .j_jI jjLoJl JL^JI pLo o!^d3 cJ*5Li>- wLL>cjJ 1 d-> j_><l_> 
o jJL *a dJl oJu&j . oLLoJl o2_& C0 2 (JiJ jJ Ji'Ul Jocaj d>j->cjJl 

4d^jL^j%Jl ^j_o^oaJl ^3 JjaJ-Jj c jJj>cjJJ C^j>-1 Jjj>cJJ 

J I l»o L«w*^1 c »ji a^>- i aJwwsJw^ Ci^-----,-t »- 1 ^^^ -3^ 

dj'J wL*^> J C LJ-P Jj3 d-*^>cj C-Lx^i ^)Jl j^j>c_v2Ji (J^ 0 ^ 6 Ll^a*!>\_P J_j I JJLoJ i 

'Jj .wLjI jdoJl LS"j-Ji ^ ^L^v^>c_)'yIj ^JuS'bJi ^yA oJ_) 1 j_da 

■^jjjj^jy.^ -4^' y ^ry 



jl5 Lo-jj-^ ‘ (Saturn) J^= 5^5dJl L^Jliji ^ oJl5 jJj 

^SoC (Ice Rings) oliL- l^>aJ 


l^JJLii jvJ iJU l^-J-f- 0-1.,/?>■ j t L^JJLiij t-OL>- 0>LiC^ j jl oJoaj- 

^-tX>cJl o^ljj^ ^^0 jl o5j>-j ^jjlo—Jl 1 -La ^LjL^j 


.O. jj*L. 260 JI 300 J-S jJbi Ji. (810) 

A. J. West, A. Galy and M. Bickle, «Tectonic and Climate Controls on Silicate Weathering,» (811) 
Earth and Planetary Science Letters, vol. 235 (2005), pp. 211-228. 

M. E. Raymo and W. F. Ruddiman, «Tectonic Forcing of Fate Cenozoic Climate,» Nature, (812) 
vol. 359(1992), pp. 117-122. 
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c 4 j>-j. 5 23.45 oVl 4 lLw£ ^3 j-> jj_> 2)1 I jl_CoJ 

Lr ^Ji ilLjb o215j L4^-j3 70 J-wA <1)15 lijj 5*l a *-> Lo |j_Aj 

<_jQa_ 3 lj ^j|J_4 j>- iiLw& O^^sj 2)1 ^j_^oo 4 jI ^j-~o dJL>L*^> cJI 2)1-5 c 4 j2^_*_5 
oLiji £_a (J^_*_>j <Lo-5 L^j^->c-^ ^3 1 <_J-A_jJJLjj . l_5.il 

.((Milankovitch Cycle) {J Ls^ oljj^) j»Lp 21000j 41000j 100000 

cl->J->tJI 3~°) w\Jj>t)Jl ^jA j~S 4jjj.5 ol>b) ^la^J (1)1 o-i^J 

o oj_J^ 4jI^j ^ l^-5\3 t (^UJl 


(814) 


.^S 'jjj jjj-jJl JlUcJl ^j-P <5*4^L>- CjL> j2a_> £_>j! 

Jw 2 j>o (Zipper-Rift Earth Theory) jJj^Jl |>UjJl 

— ( 3 ^ ^d j-^ J 

4j jJfij (Jj_4jj . 0j3 433- ^5 IS"jj 3>L2u aS ( Jw2J>cj I 4*^5j C^5jJ| ^3 

70 ^^Ip 3 y >-jj (High-Tilt Earth Theory) JUJI <1)*>LJI 

ojS5 ^^j^l 4 j^J ajJ (1)3 • ^LjJjI JJl>J ^jj>-jj C 4_>-j.5 

43 U 2 JI ur -SCo ^jJl jJl>JL jLco IJuJuS IjJl>J (Snow Ball Earth Theory) ^Ju 
jJi>5 (Slush Ball Earth Theory) iw>Ju ^J-v 2 J lJ>S L y>j % )l\ Aj^la:!j 

^5 ^>c_Jl ^ jSL^a ^o_v£? CjIJ_L>cJj o_Loj>t^ ^*P CjUg^j>c^ 

. (815) oMji-ill jJsLJl 

Ol> 3 Ll^ 5 .^jVl ^5j5 ^3 I^5" I jj\ ^S"jjj1)J 
((Sturtian and Marinoan) jlj^jjUj jLJyu**) Uj* cJiVl td)L~~jj _lE>J 
olS" Lo_>jj .^Ip I)j_J_a 4JL* jJ5l ^5 o^C 

^4j_CL>cJ Ol-l^-l 4 _jo j| 2 ]Ll& 


Jo (1)5 ^UwoJl (1)1 *!>Lw2j2j ^51 


<Zj L>-j 3 ^v2jl t 4P ^-wvo ^5-4j>c_j 3 ^->=-Jl ^JLwvOJ ^j2jj3 ^ 4P ^_*-vO 

^5 C I I 4«o J C [C) wl_d-^c_l I ^>s/2-^J I 


G. E. Williams, «Geological Constraints on the Precambrian History of Earth’s Rotation (813) 
and the Moon’s Orbit,» Reviews of Geophysics, vol. 38 (2000), pp. 37-59. 

A. Berger, «Milankovitch Theory and Climate,» Reviews of Geophysics, vol. 26 (1988), (814) 
pp. 624-657. 

1. J. Fairchild and M. J. Kennedy, «Neoproterozoic Glaciations in the Earth System,» (815) 
Journal of the Geological Society, London, vol. 164 (2007), pp. 895-921. 

M. J. Kennedy [et al.], «Two or Four Neoproterozoic Glaciations?,» Geology, vol. 26 (816) 
(1998), pp. 1059-1063. 


226 



^jjs 0j-OL3os ^aLd lLU^J C JjJoS 4j>-j3 40 ^Lp Jj J) Sjl^_>- 4 j>-j.Jj ^LoJl 

^jsJjIj sJ>JIj c J-L>cJ1 (J^L>- L>jJl5s-JI c5J»vo>oj .jj_>Jl c*>L*Jl ^j- 0 C0 2 Jl 

.jj^Jl C0 2 Jl 

<1)1 LcL*3 t^Josj^l J5 ^3 J^S*)I\ ^IjoJl d ^*o jt-^-3 ^Jos ( j_5CoJo ISJ 

.Co-taJl a-LJl Ijo 1 pIpo I ^*0 I) j5j 


^JjVl L^UJI o^Jjcu oLwJl 

( JJos cJj>Ja 0 ^w£>J Slla_*os L>*)\j>Jl S3C*Jos SLaJl ( Jc jJxJl (J L*C Cols' 

SLU J_*_> <_5Lp ^_Lp 5Jj cL^ojdl cJj jJj j . Jww^Jl jJl>- j_3 S-sJs 
AJL3 jJl cLaJa.ll 0 j_A c ysjj l 002 J>-jj jJL>z3 ClolSoj lj*}\j>Jl 0 3 J_*C cLij_J>J 1 
Cj 15J .jJj>Jlj CoJlj ^1 jos^lj cljlcJlo J jJ>cJL j (1)1 l-^Jos C) JoJ C->co>wOj 
c 1c- JLJ j cLaJa ya Jj5Js jJ 1 L *}L>Jl o3C*C SJaJl cJloJl cLaJa.Il 
|t-j .clJosj_L5Jl cl^2L*J la.a3 |Jo-lj 1 JLo-Jos Lj5Lo~o 4_aJa J>1 pUlsI j5J>oj 

CaJl cLolSJl Jjs jJaCoJl Jo j_P ^4 jj 1 ^LaJ 1 C J y j-osJo J_*o 3^C»Los Cj_^Ja 

Looj ^-wo>Jl Jo-pIJj 3j^JpaJl L>*}LaJl S^c^c sJa-Jl 1)1 y* *-p jJl ^4 -pj .Jo-pLJl 
(1)1 jl_S”lo wLjV 1 ^_o 2 _P LclJ J_a_3 c ^L_P (1)j_Jos 1000 _ 1500 ^j^_JJ C >j ^ la 

.JJc Jjd j*S» LM>Jl o^Joc SL>- (j»Ip (1)jJl* 542 _ 583) (Ediacaran) 
jllal S^los Loolj t^J5Lw& jl ULcI c 131 J-cl d.^a.11 Jja-Vl oCas jSJ *Jj 

( id *^/j l 4 jjI5L>Jj^M <Caj*yi ^3 jUcI JlC& jS\j . L^-wvo2j £>ddl 

cNj-*os ^Jl JjLJl SJaJl jjJj>- ^3 ^yajaJl ld-& iS^J .l)1jc^ jl ^_ >Lcp ! 

cL^a 1 j . JL>c.yaJ 1 oLoJl (_JjJaj jL>cJl ^3 4.ya_oaC C>J*ojj JJLp JJJ 

Jl ^ p^J l ^Jc-j .J>L_>eJ1 3^j_*_c dolj—Jl cUIj_o>cJJ co1j_p ^1 jos 

c Icos cJlJo Mj j>Lp (1 )^Jl* 3500 Jc ^Ja jl5 (Stromatolites) cJjJL>jjcJl 
(1)15 Looj Jl ^Jp J Jo Loos (. JjLS"Lj-L) Jl 3 JLaJl ^3 jj^ Jjo J ^Ja^wO Co 5 J_a_3 

.J j^l LMdl S^JaCs J jPj cLlj-oJ 4_Lo2a>s cL>j 

JjLS"L)CJ1 *cIj 1 j_oJli .JjULjoJ la j_L*jo -be ^_>-jJj_o JLojl JIca 
y> jJ j .LoJLp (1)5 L^_*aj jj 1)1 ^^Jlp J Jo 5 c cljLaJl ^3 (1)^1 33 y>- jjs 

3j-aJaoJl (jlJjjJlj cja»xJl ( JuC3 ‘Clo L^_ISJj i)\j *L^-os 5 jj 80 y* j51 (_aj j*5 

^JJJo djj c 1 ja L^_o 2 _*-> JjJa ^Jloj l Aj ^_o 2 oJl (Air mats) ^1 j_^J 1 cU j3j 
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1-A^_P J c ^^g| J ^ I I Lg-yg-X-J J C O3 L>^j>- jjl J I C ^- 02 -y>V I Lg-yg-*-> 

Lyg_)! oJL5 j-!Ij JJLoJl l_^3^Jg ojj c lj-wOL« LJl>-I^ L>c_jj_JLj ^ ^ Ja■> 

^3 . o>-lj oL>ol o 43 pLJLg-l LgJ (1)1 LajIoL j5 cj! jLLjul ^-gJgJj . Sj3L 

l$j| JwLo J .ol>3jJ «L^>c_L« J Jj>c_yg ^3 OLulSsJl oi_A Jj>- jj olg-^yJl ^ 3 1 jy>Jl 

«uLygL*Jl olijV 1 ^3 iwA>c_l1j Oo15j jL>c-Jl £li ^3 oJj>tJg 3^w?> ^^Lp ^5^j“* 
Ly-^~Lg-d ( /^s 0Ljl5Lwb^l ciUj ^y*g- Oo3 ^JJLs O-Lo-P <0_L>c2g ^.ygj>- ^3 
^j-« ^lSLwow^ oLaJg-j 4 _p^ wvu ^Jg_*_> o^-o-)l ^L_3 j15j .L^JlJl^Jj LgJ L>jJlSCJ 1 
jjiL jl3j .L_>j 0 — 9 jJl ^->3 co>-j5j-w5l ^1^-o-Jl o->c_*_ygli c jjJI 
a_Ljo li o j->cJ (j j5j oi j I t <uj j->cJl o^LI 3 lo>-! ^a ^ oL jl5L> J_>L/1 ^ 

o3jj>-4j jl5o 1 oLIjO>cJl Co 15 .<W?j_fio3 jMl ^v/2j L*>UJl o3J_*o3 olo>cJl 


N JlS ^LJL cJjVl (Cambrian) L £ J ^>iL!l ^oagJl c5y^' 


jUI 


^ £* 


cJL L!>UJI © 30*03 sLocJ cloli <L ^>0 0 j5L> oi j c < 0 o>cJl 3 L->cJJ La-Lo L)j5\J 

4_>1 ^JlP 3 -Lg- Lwj>“ C L^J 4_ygLg“ jL>U l^J 0-315 Lo»JJ_J .4_yg 

.aLp L)j-5>j 542 ( Jy l^j oJg-ojI ojljo2 

.v_JL>JaJl ^.ygj>- ^^Jlp LL^Jg 0 jUcJl ^4i ^y 0>Ljl5LJu^ 1 O-Pj OaJ 

c O-oi j-5jI OoLoJI 03 j ^ ]g (1)1 3jj>c_y«jj c L^J ^j-oLos ^j- 0 dUlOA ^j_5s_j 

^Lao>-l jl5j .oL)^wo-SC 1 ^-Lcj>-5 La^*1 ^_^-Lp o^L>jLS"L>wL>V1 o-5-p IoSLaj 
JjVI ^-pLo^>cJl ^^1 ^-ij'yi ( Joy-> ^Lp (jj-5-« 542 ^ju-_3 ojl5LJb)fl oLlLSLJI 
^Jl ^-^’lj^l Lj^ o5Jl o^lol^Jl 4j>odL o>^Loj .L*>LLJl 030*03 sLotU 

jJ o^Lg^JaJl j-ygj>cJl oV J5bLl oJjJ> li^Jg oj5olj c oLjl5LJu)/l L^c5jJ 


aLw>Jl jb>ciJl 


^-woJ>“ 03j^Jg LoJCP 1JL>* Oj-w 23 5Jt)Lg“ olo>Jl jL>tj2jl 


j .IJl* oLLJl Jjj<-J J j . (82 °Ol ^>J I (Phyla) 


. (Kimberella) *%j^S (817) 

Patricia Vickers-Rich and Patricia Komarower, eds., The Rise and Fall of the Ediacaran (818) 
Biota, Geological Society of London Special Publication; 286 (London: Geological Society, 2007). 

.Ul yL~»\ <-*>fs?- t y>j^ 5j-s>o y<jJjJlj c (J^L (819) 

• olylS^ (820) 
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IL>tA>cJl oL>JJ ^I jl>cj2j'yi jL-vJ ^\ dU-s 

^-^->cJ! __^«-J3 3 j^Jk^ *L*_93 £-4 y,j^\ 0 k-JLtSj S 4_J *L>c-JL) ^»1 jU^Nl 

L>*}^>cJl oLocJl 1)15 (J^j ^^-*>&3l jL^cjij'yi 'y^ 

c ^^j>- 1 0 jj* ^oLw>cJl ^jjIj )) Ja_> LbL*_d> ^ AS-a j- 2 -* 6 'y j-Lj ^1 

^ ^LwwjSj Ij 1 $ i«.iv«..tf..) ^3I ^ I ^ ^3 

■la* >c-^ ^ .>,5 >- .Ja* >c-^a j-sJcJlj c ojlj->Jl 43 >-j3 ( J2La j->- <1)1 

IjUojlj 4_L>c_va LaLw« o_>cJo!j c <jj_>cJ c_3j jJa-j cbj- 4 oljLi Jgj jJls 
^-kLLda L^Jl 5 t ^U ^wb5_^- ^_v2_P ^Lp d^-J- 0 100 ^251 *b*_> L^j>-^J^-o 

1J-& ^-s ^?_j .(^Lp 1)^_5»>j 520 — 540) ol—^>JJ ^^_wo_^Jl jL>c_&j^\J 

.L>ty->cJi oiji^>cJi ^L^j>-i jls2j.i j ^ijj^y ^l-vi 4_jwJi jL>tJ2j'yi 

i3lb& 0-> I5j 2r^J ‘‘JJdi c Lj ya 2)1 j-3>- y-i j-^> <1)1 

oL^ ( JJL«) r LoVl j_>c_> 0j-w-5sJl 4jj-^>cJl OljJjJl ^5 _*_j ( /j-»jJl ^_jjLj <J^L>- 
ol j-^>-j (oljdJl 4 -wS-w<3j>-) <Loj_>jLS"^_> 1_>*}\J>- j (. SJJLJI (RNA-DNA) _Jl 
jU^yi <«ijjj>o i^lj .a^-l-vi Aij-^^yi y3^j 231 ^ (Lt^-^Ji o^l*^) 
y& <LoL sJ J <Lol t C^*-5 AJLoJ 1 j j-frkjl 1)15 J_sj ? ^1 ^iJl 

v^^^ ? 1 w\_s <^ 1 L^L^-i i_y^ 0 w\_L. y^ ^ 1 1 ^ 1 1 ^ ^ w\j 1 

jUjij'yi ^j^i xU .^^>ji co 2 jj 1^5 ls'm^i diii ^yj\j j _ !l£)l 

^Lp 0 Aj ^->- <Zj Li 1 1 y 1 ^Jl cliJ^ .^LP 30 — 20 ^w<>-^Jl 

.oJjJ_> olJl y->~ j $ la 7 c^^pLo^cJI ^lytfyi olwL^-1 J-^j yL?~j 
^j-p ( /^s l^S" t ?-L^>- v ^\J iibwA jl5 oL^>cJJ ^^5J1 jL>cjjj'yi 

. (Families) L^Jbl ^p j t (Genera) L^.L^-1 j t ololSUl (Species) ^1 jJl 

23ljw& jjiL) J-3 .jlSs-sVl ^/2_*_; cli-Jl ^^^-wo-SUl jU^^yi 23jj>- ^ 5 JJl L>» 

^3 01)jJj5 JL^5I ^jUj C wL>wC?»-J C j-^wvJl5"j C j J-A^> j3 'jA>^ 

'y^>- -Ai -bJ_>tJ 1 1 J_a Jw*Jj .(, li5l>3 J-*_i Ls J5Uj <j jj>o J-*_i Ja^j>c^Jl oLw« 

^ yJ>^JS i J-yaJl ( Jw^L<bJl ^_^3-P 0j3 li OLbU t (. JU>c2aJl jl_A3jl 

0 1^^ C ^1^11 („) L»^** 1 jy£L^** i^_j2_] 1 ^ V 1 (_) . 313 jJ 1 y*^?—***^ ^ 1 

<2i-5sj2_> ^2 p ^J3j .tJ 1 j-va*b^3 oL~-L-l ^wJL^Jl ^^-^JlSGl^ 1) y ^5Jl wL^v51 

3 t cblJa-*j>c_x>J 1 ^3 4_j j_>c-Jl ol jLjJ 1 (Rodinia) Ljo3^j 3^^5Jl ojL^Jl 
^dJl ^Jw«L*Jl oUa-^>c^Jl C-ol5j .Ja-^>c^>Jl ^Ja.*.Ai ^il jyL^> yi}\ 
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J_*_j 4 J 0 y^> 0 J^3 4l^b C-oL5 JJLs C 4-wLo-*Jl 0 j_A J_pLo 

4_5C-^*J Loo jJj j-*-*j j- 3 j-~-^ wLL>cjJl L^-L^c-wsJjj cjL la^j>c_^JI 

^_o2_*Jl ^3 c5jH* ^li-Aoi .t3LLft (1)15 d^j>- j^>~\ lj^.5 4-o^ jIa^ 2 .11 

^Sj ^^Ip ^ Ua-j>c-<>J 1 ojIjLo ^3 jj I ojIjLaJI 1)15 jJL) j . 

.4jwLi-oJl ^1 j^>JL 4jULoJlj 4jLoo*J| Ja^Js-c-oJl oL-o 



<upLj o^jIp j~Lj Li* ^j^Jl J^>- <upL?* oLil^2 jIj oLi-1 ^3 ! 17 

olel£Jl ^_™J ^0 6 Jl 1 S-J j-° 3—pL«JL| oUI jJjjVlj (821) (Tetra podes) aIjlsVi 

.oJjL-JI |»lI <upLj oUI^^ oLl 2£>WI i?^k=L| J^j:j . <l 5?o j-ipI ^Jl <upLj 


C ooLo2j>c_l)l j t Ojlj-v^Jl ^j-o L>LoO>- oil J-O^'5 1 j3 jj 


^J-SLo ^_Lp 4ji_3 L>c_^J 1 j JJjjJl J CjL>c-Jl j_*o2_i (^Lo2JL]'yij o3>A_o2_*Jl ^oOJ 

JjJ>o S^iLSl J5L^Jl oj> jJLs c L>-^>- ^LoLp ( /^-o>c-w^5Vl 1)L5 j .^~~o><Jl 

1 1 1* -S^ * O ^^»s03— 5 1 J \ m^/Q C 4— Ow P 1—J1 1 9* \ 1 ^ ^ -11^ ^-^ T — *-) I 0 L^^ 

lo~*»»*3 0 3 Lp o_31 «X» ^ *)/1 ^ «»o ^ * j I cJ 1 0L»£ ^ ^ 3 oP I —Eo«l I ^ ^ 0*^5 

^a d)U ^LJLj t ( /^o>c-wvs5V1 ^^Ip cJj-s^>cJl ( /^s ^y>cJl ^l^Jl 1 ^~5 

4 -J- 02 JI J5L^Jl ^j-SsJ .Ljj 1)15 jj>c-Jl oLoj ^3 0 j^5o v ^IwLoJl ( /^-o>c-w»^5Vl 


M. J. Benton, «Mass Extinction among Non-Marine Tetrapods,» Nature, vol. 316 (1985), (821) 
pp. 811-814. 
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-Wc-H 




■kkiJl Jj»*j ^£3 t j5"JJ ojj^a 2> ^-^>Jl ^J} aikk} 


el)l OwLjJj>cJ| djkld^Lp j^J>jlA yj jk^? t <4^J>-I ^Lo} 4_*_kLi 

el)jkkj t JjLw^j £^jj 3 ^j^kk <=-ljj>“Vl o-k& ( Jw<>-^LwvJ 

oko k*5kjUA>l j t^JJkJlj t ok>cJl ^y* oJjJ j>- 3 j_k ^a ^JklL 

k*>k>Jl o3-A_*JLa okl j-^>cJl *.]a.*~a OjIS' t jk^l ^J} j^jj . oJuJj>- 

4_>j_Lk^3 Oj-^-^SsJl jJ>cJ>cJ| Ca->LS"j .|*—*w>cJl ko-pljj l *y j-k ^I^-s-LLa -L^-lj ^o Jw3l 
Ljjw) (1)1 Lg_La ^J-P el)LSj 4_>j^jJl ojjjJl <wk_>l 4_>jJllj 

^ ^ 3 o k»*^J I 0 -La l, - 1 .-i ^-Si,S*^1' ^ ^ -1 } J j_v? jJl ^j-^3 k «)^ 

. 4 X-L 2 J 10 j^Lii to^-kvJi 4 j jis"L>j_>^y 1 d^ui^->cJi 

OwL>wL^- Lij_k O-k 5 j-ij ^^_wo-5kJl jLfc-fiJ^yi ^^-3 ^1 jJLS^yi «lJwo-P Oj_^_k 
^_Lp oj-LJL)l o-A_a djj^_k^ ^_Lp oj-)JL)! ljI^-*_>cJI Ojj-p ~L3^ . 

e>* >-rLr^' jl ( Jwp|^-x>Jl^ i._>^JkJl jAS>-J tc-ilj-v^l ^Luk L^-wv02_jI <jLo-?^ 

aSLL^JLwv^j kol-ip 3jleJ>kjL-Ai| ^lp Sj3lS l^ aa^j oLjL^JI o-k> OJL>-jj .^kj>cJl 

.^ykxJl A^Jj>tkJl oL>jJl jl cJLLa^I ^ 4_k-|jJl ^kJaJl Jpls3 JlU 

3L>3jI £A dlk ^IjLo^s .APj-w-o L^_PoLjI^JI 3-Lp 4 j>c^JIj wbljJj 

ojj-o-k-oJl 4jj*Jizx Jl o^LoJl ojj^ OJ-pIj .^ykJL ok^^Jl ^3 3k- 

*L^vk *L>c-JLL]Lj 0-v2_ikoj t oJ_j J_>eJl oL-^>cJl cj*>Lj>- ^j~a oL.jjkl ^_3 ^—s^ 3 j-J 
0jj3 ( jJ3 J J-P ks I jjA J . ^Lw^vJksJl J ^->T .s/gjl jj wLjIjJj t 4 j i oL^-ai jSi} I 

^ Jm) ^-^\J A^lw^-P ^ ^ 3 ! -L^AA^i” I (^Ll! cj >L-*^-a» 'VI k tel) jJjkkl 

.oi>j t ^»Lp (jjk» 542 cj >LixAA>*y 11 j-Ai j^>jl-a>Ij .*^_i 1 -Aa^j* yI 

j»lp 0j—k 470 ^1 jj>- ^A,k^Jl jJj-Jl o^I3 iSljJA C-oLS" 

4_p ^aaaj eJkxJl ‘L^w-k-i ^kjlJ .ok^>tiJ jk-cjaj^yi 

^jjjjl ^_3 J_jJ_ kJl wUljjJl j-^*“ (_^kJl k^_3 t ^_pkj>- J_*_i 

4-^vkj 0-3jJl ^3 <-k-L^- 4^>cJl oLkLSkl ^1 jj\ 3J-P ^3 jk^'yi el)} ^ 
<-_3-kJl l-k& jk^l ^Lkjjl ^y» wblj^s 33 jj 4k O-Lp- (^kJl Lo jJLj 


IJjA 


L^j 


^JJ 


( 822 ) 


J. 


J_>c_v2_)l Jk^ J*y JJLX-oJl 0jk>c_>c_LJ 


J. Parnell, «Global Mass Wasting at Continental Margins During Ordovician High (822) 
Meteorite Flux,» Nature Geoscience, vol. 2 (2009), pp. 57-61. 


231 



y 3 ^ U_iS Lwo—J-9^ L^pL^>- L^l./?~U _(jI 1 

"~ (823) , t. 

iyryjt?' 



( f U j>ii*) o—»>" 
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.c* 
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.oLj^cAJ Jl Jj-a J^a ^J> c ,wll CO 2 ! 18 

jjsj j*il ^ 0 j-° 25 -j j£$1 CO 2 -J jlS' t oL-Us jl ^iL>J *1 j-^.j 

t C.«-^ajJjjJl C ^mJl5L1! jJ?yS>-) jj->e-vaJ! J! 

^jjbJ! j-A lLo-gM CO2 —Jl j! 4 j-SCJl 

J^-a jljJLa j j jJ> c^ aJl ^3 ‘—^^^3 -L—5*1 |» Ja ^aJ 

Lo-^~ c^Lv^lI c*jJj>-! 0 dj| j^i LxJI C)| 4 _Lj 1JL)I 4_>j_lajJl d-oL5 

j-wJ oS/l 4jjJgjJI oJjfc oJ-Cp jJj / ^ ^2_*_J o-pL2> oL_>cJJ 
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0 3 oL^s-cJJ 4_Ld-9 4^pLoJ>- oLdjJLi (1)1 Jp-'ll ^od-P 

. y* <S^ (_5^ AaJJa-a ^^-dl l)}j . dv^jl ^jli*- oLoLv<2j 


oLw>cJJ 4 j^jU A*pLo»>- d^Ls<P IjJ2jI 

o JJL*_x>d I oLwdd ^LwwvwJj *L^pLo-j>- ^JLd ‘LwvwO-i*- (w^-S"^5 wL^_Ji 

l)j cJ^JL) wLjJ-^ clidLUk^ . 4_jj_jllJl iL^pLo^>cJ| O’Lv^l \^J^j 

c^y\ ^jSl\ ySjS Jlp oi>j ^jd! odldl ^ Sid I J> 99.99 

^o- ^-9 U ^jdjdL>*5l 1)1 cJjdL> ^jd ®j-1 ^ -j iiLi-fcj .(jVl A.s^ 5 

^djJLl ildk c oLijd ^2*-*-? ^_9j t oLsjLSsJI j jJaJ * J->«-5 c^li j *51 

ALajl ^3 Ld.S oddl .^.pd^- ^d^JLd a5L5j Id jJ~o ^jdjL* 

^ odlSdl ja ^Jlp (Conservation) j told^ild 

^ ^ -Lp - (_) l ol Aj^wE^cd C- I — - - 3 ^ - l - 5^ ^ l—) 

<L~j>- c LdjJbl ‘wJdalJ CjLjISsJI I)j5d Ad-o-P dli ^*ds? jddl ld-& l)j .c_d^dl 

s^ip ^*vwo jJi ^pLoj>cJi ^d^j^yi c oj-jj->- c^LjLSsJ 4-j-wdi Ad2jd 

.odldl y> JiS/l Sid I ^ 50 ^^Ip 

y ^Lp l)^-d_^j 440 _ 450 ^J^_9 ^pd-^>- ^ddi dUwA 1)LS" 

^3 70 j»l p I)jd* 360 _ 375 ( J^ jJl ^^ddl ^jd y^j (, y?^ J>m 

yj <2 j ytJL^j I Lo*jj ^iil cIjLs^I Sj~wd_w*> ^3 djlijL^Jl 4_iodl 

iiJl ^53 <.j»Lp o^Jl. 2514 JJ yS I ^l^'yi Jlij Z 827 '’^ 

^v<»J>- ( /j>s 4id! ^3 96j S_>^>c-dl y* Aidl ^3 84j I Sj^>dl ^Ijdl ( /^s 

j-d Ai_3 ^ ^ ^c^ddj-^1^ Id-L>- dljjfe jl5 Lo->jj / ^Sjj_>c-JI oLoLSCl 
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65 J^.9 j*-» y>-\ < y>\j-2-j I (830) jaLt- o j-j-Li 205 J_~3 

1)1 jJLs £_<_j . oJ_ jJ_P 4_>^_jLj *L^pL^>- oLv^IjJL>I iiljwft CUj15J .^l_P (1)La 

L^pLo^- L*/?l j-Lj! 12 yj* jJlS”! ^Lp 0j-^La 542 ( J^_s <Lj jLS"L>-Lj^/I olJl y -><Jl 

., ~. M , . «; . t ~ t. . 5 t, . (835)(834)(833)(832)(831)f ., & 

y2 I j-A-> y I y~-*-*—> L^j j U y-&-> A_> j-* 3 -* • Li '- J 

(UL^Jl oUI^I v L J\j . (836) ^J\ ^iUl ^pU^Jl 

. 43j J*~a 0-w*«-J L^tj LpLoJ>- \j>\ jjL\ jjLS' 4-&J LJ1 

.oLw>cJJ (£y~ o-^Ll jLsxJlj'yi oLIj^><Jl y* OwbJ^- 4_P yoJ^a 100 O 

oUl(jlj-JLs J_La O—>-^>~ 0J-^LS" 4—-PLo^- oL?l jJLjI ^j-* 0 P^Jl (_5“LpJ 
0-Ai^>-l Jiij .o j_)j_>- oLI y^~ j-% -Lj c^Lp cl)j-L^a 542 4 j jlSL j_>^I 1 

oL-?- jL>c-Jl d-oLS" t oLw*cJJ ^Jw*_j j .oLIj-^>Jl o 

1 jj_*JLa ^^LLL1_^I 6l> ,J_v 2_?*- ^_J . L*>L^J! 0^J_*JLa ^ J (. 4_> yJL^j 

IJl& t w>jl oLjLSL OjLv^ L>j^ J^£Ll LI y» (Irreversible) 

L^J ^Ij_3I jILI cJ*iAJ>- ( j_a oLxjLSsJI oL_a ^_Lp c^Lp cl)j-L^a 470 ( Jw-_s 

.j^>-j J-a Q L>c L?..s^a ^5 C-> Jj>-J 

f-lj_P jl^ 2 -a ^_3LjjlS"l ^Jl L_JLa viols' ^Lfi-P-I^Jl oLIj-OcJl (1)1 jJ^oj 

( /j-a (1)^1 <lL>j>o L>^a JaJLs */.10 _j S jASy* vlolS” -Ul> OljldJl (jl jSX>y .Jjwb- 
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4_>jJ>c_l)l y>- J-l yJ>d\ ( Jj>c_~Jl ^3 jjt Up I j_Aj t olju 

•J^lj 


jl 


j-fiJi o|^ t j-^p ^j^_jjj>-'yi l)| 


^ CU-a 131 cJlLoJl 


UT* 'Jj-^' 


LJL5 


c- 


C ^ j»C^_> iLLS\u 5_> iLL^w2^-*-a ?Ij y&S >-1 ^_w2_> (j'y ciljLv^ j- 9 ^-A L^ t £-1 j>t-s^J I 
j^2J3jJ ^COu J tLlSsJLuj cLL^UsLP ^JlS'IcCuJ C i2L>J>cJ 4^J>-*)\Jl CjLI^JlS'LCuJ 
(1)1 (_5“k Ij^^-J^l ^-y*/!?-) ^S\J 4_v^j3 . £-L^A ^J| L^tJjJu (J y>*S-) J Lg_) 

o j. Ja-oJl CjLL*JI jL>c_d ^u 2 _*_J d)j .y+s>r-A«*S')}\ ya (JL>- ^3 Cj 

oj->^> cuSLa lilj . A .a la I c J' a*c_1I ^ J Lwa ^ ^ la * i*j ^-J' \£j*j»\ l ^ 3 4 w J w ^^c_J! 

^^cSLJl LlSLcJl 4 Cj>C> 3 ^sla-l ^c-waJ ^SsJ CjI j2L>Jl ji ^A Lo c o Jj^Ij 

cuL^S” Li-l-i (_5^i 4_sLvaj j-La-oLI CjLUJJ CLw^Jl d)l■sjg pV1^ jLu ^3 

(Phyla) ^*-C 3 J-p ^ j-JcJl J^i ?^pLj>JI ^1 ^Li ^Jac^J 

L^Lc>-l jJ t (Groups) l^_*-aL>^a *1 (Families) L^JljIj_p *1 olcJLSUl oJu* 
^Jlp LD3 ?!3La j>l ^(Species) L^_pIjJI j»l (Genera) 

ya Ij^JaJCj La 4 ulLL>- LlL*_>c_j La C OwL> *\s>- CJ LuLS" ^4 y\ ^L>c_jL> ^—)JjjJI 

. jy>* ■>./?,]' Cj LxjLu? ^Lp 

cj LulSLlI ^_^Lw^al ^IJ-pI <«_>L^vj>- ^3 Cj 1LL>cCv^JI ?-L>-Lp 

4j>cjjL 43 ( ^5Loj ^jLS"jJ ^Lsj J-vsJ 1 AS*j^S^a CJjC>-l 1. L^*_^<>j>cj j 

^»a ^_A^>icJl LcSLo-j dUcjj . 14 ( 14 C) cl)JaLLcJl 4 JL^_La_> 43J-> 
43Lva| .<_3j j^-a J-^P 4»^>cJl CjLuL^JI oLj>- 3 I JCal (j) • ^ I 0 Lj>- ^IJCal 

4»LwJ| ^a ^aj>cjJl i»>^>-jJo <C^pLo^>cJ| CJL^l^j-a J^LstCj ^SLJj t clU^ 

yy ^ ci iic^s c-si? j I CJ Luis' ^5 y y *CjI wlp-^ li <c>cJl CjLuISLU Cou J_i] 1 
CjLLjJI ^3 cij|~lj-'y I ^ju2_*u y yj . 4_L>c-vgJ 1 jl <Ca_wo-*Jl 4_>jj>c-Jl CJ LI j-^>cJl ^3 
^xJl LjcSLJl d)L ci cjJj>o Lo^aj .4^ s i>j'yi oLI^>Jl ^3 t^Lw^j'yi 

l^| J_>Jj>cJ iw^-yaJl ‘Ljj t <CpL>j>cJ| CjU alJ_*_> oLj>cJl c5^' 

J-uij CjL>-I^ 3^1 ^a-xu iilCAj .*y ^»l c (J^ Lr° iS iilCA d)l^" 


c ^Ip (jj-L»a 580 ( Jw-3 Li!^c*il 


y>- ^ (Acraman) ^La^S”Vl ^UaJl Juo LL 
. L^-^La LIS' 


^i_p <c_pL>j>cJI cjLj?I yi-i^ I j <Cu>-LLoJl Co jLSL I iCj! VI 4_it)L^Jl d)} 
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Lo2j1j t oLv^l C Col^o*)/ I ^jA I j~S I^JP <^)jj>- I 

olpN ^oodJ J^q 2s' oL-aL2i <4J-^“J j-oVl I -J.la.d3 C A_*_oaljJdJl A_^oJ_*Jl A_9 

<Lp ^*JL <2j La 3 LpadJ 1 ^P <L$o>-LJl A^>eJa-wvJl dal_& ^jjJl jl ^_> oV t d->Lw^ ^JJl Adio 

( j-**Jl® A3 *Ap 3jj>-j ^ Jp OwbJj>cJl ^jjljdl1 .0^1 A33 ^XS"I C^w?l <LJL*Jl 

<. a_*_> j-wvJl c^looLoadJi L^jl-_^*i ^dJI j_<Jl '•^’^j-3 ^Jl d_*^jJL> 

. oj-^S” ajjL <Lr~*\ jd JjJ^Loj 3jj>- A^Jl^Jl 4 ^Loj>cJ| oLsi>l^JLtAJ 


Ado J_l? ^J-yfl-3 1 (1) | J . L—^a> I 0 J-*J *dP LoO>eJ I O Lo? I jJL> I cd J_>cJ J_9 

((O Ug^J>c^>J 1 ^^*0 La j»& jL*Jl_> ^£*1Jll« ^J-yg-S' J .jl*Jl oLo>cJl 

oL-^j>c_]| jLj>c_jLjI cJ*A->- a_ j*y I*a_9j .aLp (1)j—^2—a 2200 _ 2400 ^J^_jj 

*>Ld3 ^JJJl c-JLll?I j c CO2 —Jl daldol^Jl 0 J_& d-*-SLL^dda I c a_>^_ dSJJI 

jL>o ( j-d"lj-Jl 2r^ & j^J-^-Jl oljL*Jl ^-&l 2 )|j .a-Jj_>jIS'j j*}\ cjLoISLJI ^..la.*oa 

^P .LpLoJ>- Ly^l ^A_)l 0^-^w*0 Jl Lgda .(JjJj^Jl d^dl ^jUj *Ljl 

^>jJJ jl c^y^j'yi 0j_d3 ^3 ^dP *J-^" 2r° j-Jl o^~*~t Jl 

jlp) ^-o>-jjJ-^Jl C^Lo j*S ^jj> aJjLa oLwo- 5" J^JJadJ jj>c-Jl oLwa oldo^S" 
d-o j^S j_*^S"ldL> . 10 ppmv (3jJ *AjI£ LaL-a t ^^>-jjJ^Jl o->j^-S" 
j-la-oJl ^-sAJJ C cl-L^Sv-Jo ^.yg3 ^ ^_>cJl ^3 J.^^,,1' 

^J-v 2 _>c_) La <• Wu> ^Jl AjJ-ta | /^a 4_)jl>cJl oLw^JI j^xSJJ (. 4^/3j^j>cJ| JjJd 
jUa-aVl ^g->oJ>c-j 4-wvoLJl d->ljLo 3^^ ^ Ado • d->Lla-0>c^oJI ^3 

IS"jj jlp j-^j t cildoj-^Jl wLw-^S”! U *^_3j-o2doj .AdlwLdJl aLwvwLw%JI 

.lwb>- AjLda jj >o ( ^_^Ap 




t oLw<j! ^j-a { y^j>x^SS I oUa^o>co>Jl ^3 j| J-Joj-^-S” oljlp 

5lo>JJ ^j^OO 'Vj C oljl^OSxJl O-jlwLy^l diSoidj C 4-o2 ^oJ>cJ| ^j-a o j^/23 0 jZ3 ijldAj 

<—3jjb ( /^a jl tLyg-o> cJ3jj-l? A_>j_l3 c_3jjJs? ^jL>cJlJl ^-a ^p*Ado L)1 

^j-Jl Aj2^o-*J| oUg-Q>co>Jl —^LwAj . Aj 0j-P5 o3jjJi? ^Jl ( /^-0>c_*^S"V L 2dP 

jldJ'yi 0ldo>- L>-ldoLa (j}j .jLkJl Oj-^J di C £J>s_&a ^J^Ldo idLo-w»Jl ^JdAj La 
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(jL oUlj^sl JL&j <• L-Loj^SJlj j”*-* 1 ^ cl)jjj5\JL> ?-^LoJl ^Jo-jJ yr y y^ 

L^L c^Jj-S" jJ t ^^-Lp cLjI^l^L aJ_L*jl*J1 4_^pLo^>cJI oL^IjJL^I 
jjjJl (_£j_>Jl c_i*>\jJl dL5v-JoI l_^3 Aj-^P ^j^SJo / ^ ^.5^w*<l 
. 5 yJ^l l> (j^SL bi oLblj^j'yI I oL& 2)L c 4j y ^-Jlj 

^JLl ( /^-o J^wwojJl ^w2j ciU jJj C L<Jlp jl LL>t-« jl*Jl bpL^J jJ 
^jjJl J^*Jj .Lol~2> L-~Jj ^^pLo-^- ^>1 ^AjIj Lj->L ^^pLo^- y ?IjJLlj t c5 Jj>c_^ 
Jt)L aL^J--»*< ^y U5 c cJjl> 2)15o Sj& ^3 Ip y^ yS'^l I 

y> ‘L^pL^s- oL/? 1 ^JLI ^Ls»v^_>- cJi> JJjJj .1 j»j*)L*~Jj (_^l jLa ^_3 c .Jg..s>c-^>J1 
j^51 C jjLS' A^-'yi ^3 *L-PLo^~ 4_*J jl_> o!jL>cj2j! <LP Co-b- <_£ jJI C2-9jJl 

yjS jl^2>-l CblA^-l <uJjUl ^Ja_*J1 y.S\ ^Jl y» <CLwo C2J^1^> .LJjb UlS"jj 
2)15 ( /j*51 j-Jl Oljlp Jl CP^ iJ- 2 * Jb_>j * 4_> ^J>cJ oL-<J ^j-^>c-w*5Vl (l)lj_A3j 

4-lji oj5"Jjo Ji ^Jj>c^Jl jl*Jl ^1 p b^*-1j JILj lbw\Jj .^LJlj oL>Jl y Jl\ l$J 
21 y 2)jj~w*15Jl y (Nyes) Lr *J o^w>o cuaJlLI JJi . C0 2 jIp j-* tJj^L5 
2)jj .^o-*Jl y <LoL j y>rL^> ya Sj_oJLw*w4 CO 2 Jl y° <L~p 1986 ^.Ja-^pI / < _ >1 

2)15J *(J^j5bs c5j^ j-J *bl 2/^ J-® O-UJtJ A^jLS”jJ 5 y>t-} ( yy> o y>rLj 

Jji3 i f-\ j-^Jl ( /^s ^JuAjI CO 2 Jl JU Jjj .two-w^>ti jL*-J AjIJlJI ^3 

. 1700 j4>o 2)l-pjJl J^-l ^3 ^-1 1 


4j| Li (5^^ t K.-T y? 1 yj 1 j-*j .lb»^>- t»_3j^ pL>j>- ^4?1 ^r^l JL^ 

^JwJ^j ^y ^JLlJI ^o^ ojJl^ .^Ip 2)^-J-^ 65 ^-_3 <!j\ j^ v^L_>wJl ^4?1 ^aj! ^Jl (^^1 
j^L> 65 J^i (lL-w^ 5LJ1) . (Chicxulub) ujJ j-^5LLJ 

^1 tjLiJlj L-Loj^SJl oljU> ^0 AAjL- Loj^P LjJ^-Ij ^>c^ aJ 1 y>r^3 (. j>lp 
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^_3 jL^jI Owb- j-wOJJ l)} L*J .oLjJI oL^>- 

jli t dJJS dr° • jy~> ij^\_y^j oUl^w>cJl o j-^j <• 

( Ju> c ^iL^^SCoJl ^3 ( /j5sj |tJ jL*Jlj jL^iJl doL>- (1)1 ^O J ^J>c_v2-lJ (^s3w\Jl ^C-J jbJ 1 

ojJLs J*>U>- j»Lp (1)65.5 J^i K-T ^.pLo-^JI 

. (845)(844) (ju^JI) j-SLo £Uil jiLi ^JJI cJjLJJ j»U 800000 Jl jUJJl 

Lows.3 c^^pLo-^JI ^j-^s j>Lp 300000 Jl^_3 jJ jJ! oi>j 

d)l { j-^-*-oJl • oJ-*-jj aJ jolygjJl Ij-& (J^ cj!jo~j^Lp 

cIjIJ-p-VI a_p 4j>^ju c a_Li^ ^j->-l oLs^ljJL>Ij c K-T ^JLjI i)j^u 

cLLs^jj^^JI ^jld dr 4 d^j>c_>- ^j-Sdo d-’ljL>tj2j| jJwv£>I jJij .dojlSsJl 

<Us.yg—o>^>- jUa^al ^Ll>N ^LoJl ^oJL^-l J-3 (1)LS"_J C ^_>sJl c_3*)d*Jl (_5^i (SO 2 ) 

.CJjJl ^jA 0 jli! Aa*/p,^>- olia^>c-<Jl oUl C-Tx3 0 


J^S Aj jli A^olya^S cJjl> I £»a 4^pLo^>cJl oU?ljJLNl ^jA 2j*_) 

(Brazilian Highlands) Jjjlj-Jl t (Siberian Traps) L>j_w_^ ^Lkil 

i_Ja_aJl _ L-Sj^JI i_jjJ_>-) (Karoo-Ferrar) jl^J _ jjLS’ cJjLJl jJaLw^j 

l^U^3 ^ A-jJjtJl ( j-jS'ljJl 


oLS" UsJJwP ‘C^sj'yI ^3 ^_pL^>~ I ^-S"! cp 
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(849) 


J. Morgan [et al.], «Analysis of Shocked Quartz at the Global K-T Boundary Indicate an (843) 
Origin from a Single, High-Angle, Oblique Impact at Chicxulub,» Earth and Planetary Science Letters, 
vol. 251 (2006), pp. 264-279. 

R. A. Duncan and D. G. Pyle, «Rapid Eruption of the Deccan Flood Basalts at the (844) 
Cretaceous/Tertiary Boundary,» Nature, vol. 333 (1988), pp. 841-843. 

G. Keller [et al.], «Main Deccan Volcanism Phase Ends Near the K-T Boundary, (845) 
pp.Evidence from the Krishma-Godavari Basin, SE India,» Earth and Planetary Science Letters , vol. 268 
(2008), pp. 293-311. 

G. Keller [et al.], «Icxulub Impact Predates the K-T Boundary Mass Extinction,» (846) 
Proceedings of the National Academy of Sciences, vol. 101 (2004), pp. 3753-3758. 

A. Hallam and P. B. Wignall, Mass Extinctions and their Aftermath (New York: Oxford (847) 
University Press, 1997). 

J. S. Marsh [et al.], «Stratigraphy and Age of Karoo Basalts of Lesotho and Implications (848) 
for Correlations within the Karoo Igneous Province,» in: J. J. Mahoney and M. F. Coffin, eds., Large 
Igneous Provinces: Continental, Oceanic and Planetary Flood Volcanism, Geophysical Monograph; 100, 
American Geophysical Union (1997), pp. 247-272. 

A. H. Knoll, «Comparative Earth History and Late Permian Mass Extinction,» Science, (849) 
vol. 273 (1996), pp. 452-456. 


238 



L>i ^L>e_s! cl-^-La La-U-p ^»Lp 2)^-^-La 251.4 Jl^_s ^/?j*yi ^_1 _p oL_JL*_^-Il 
^lylil iibj& jLS’j t (850) (Talnakh Basin) ^-Uu ^y>J? <LiJjLJl 
^3 l j r JL>zZj .(^Lp 0j-J-a 205 J^_s) ^-w*>Ijj_>cJ| _ *>L> jjJl JL>eJl ^3 oL^JJ 

2) J-> j-SLU Jol^C-a j^bj (. oJol^C-a Lj j_>- CO 2 CLlojJL^a <lJLJ| ^»Lp j— LoJ 1 

C L> jJ>c-J| 4 -^wsJ-S\Jl J jJ>c .yg 1 1 0 JO ^5 f-L-0-^S" ^3 J-a^ I Jo jJg J J_>CJ J C j-yg_*Jl 

CO 2 0wVjI^l^-1I clL^o-^JI *w*>,%j cj^ j>eJl)I 1l_a 2)15" Looj^ .4o^-yg-*Jl 3l^-oJ J 


j_*_Aj Li^a.X.oJ1 <LoLS"^-J l ©j-Lll dr 4 ©^-^LL^woJlj j->«Jl ^-i*)LLJl ^Jl ‘LLLiaJ-oJl 

. AjjL^-v^JI ^wsAl^'yi ]g*.*»j AjilaLa “LLoo ^Ll Ja^>c^oJl 

^_Lp -La^I Jo jJg y\ aJ 2)j-S2j J_3 1-L>-1j LolS" jO IoJj>- 2)1 Lyfflo 1 (jLCoJl 1 J_A 

co 2 Jl 


0 j^3 Jt)2>- o-LJ-p cl!jL>cj2jL LjjLLII cJjUl clL iL*/2 —9 jJgL-a clLSLco jJL) 

J*>U>- CLj-<CLa>1j .J^L^Jl ^ ( j-o*>La £_o2o ^^-A t j-wfJl ^a 0 j~w2-3 

OjLg_ygo Cw-L C ^Lp 2)j-J-a jj>so CLL2>- 1 0 j_«-yg_3 CLljL>co2ol A_Lp-^os 0 jJLaJI 0 j_A 

jzj* ^J-^S" 10000 _ 1000 cLg-jlj (. cl! jL>xjl>^J 1 ^->«->' LJLp a^w*J cL-LSLla 

La ^1 jJLp ^^Jl jL>co2ol JlS" 1^ .43^-LLo-Il *LoLS"^-J l 3l^-o«Jl ^jA <_P^_3-La 

clL 2 JLL 0 cJ*}L>- ^jUcjij^I JglcLJl 0 ^JL ^jl^-yg <. >L—vo 1 cL*yL>c-a ^l-J <cgoLJL> 

al*_c-oJ 1 2)1 j-cJl ^-oLo cL3-ii .clI jla jJuS2!l oLa ol ^llp ( ^o L^J^-jI^l 
.^1 j^Jl ^3 LolS" ^Jl Jo I j-*^2l ^ o I jLa jJuS" clLLLlJI 0 J clL>L3 ^jA 

3La^JlJ jUJL CL-SL_i 4 j>coLa o-Lo-P 1 2)1 j-CJl Cl'V t)LL CLJoL-a <dL*-a CLlijl ^3 j 

CLoil? ^jJl <CwvoL cL-3jJl ^3 c ^ j_>cJ 1 o_3>LlJ1 ^3 cl! jLaj_L^Jl cl!j_*Lp (Ash) 

.^jVl ^ L^lj jiLa (jji ojl^-oaJl aJ 


CLL^_L>c-oJ 1 wL-L>cj ^_Lp^ C 4_L-L>- CL1 jL>co1j1 ^/2->c_i CLl—a 1 j3 ^_Lp f-Lo^ 
oljU^Ml 2)1 1 c ‘Coo-LaJI acJjLJI LoLyg-o2.il LolS"1 o^Lll qLLl^J 1 

^jo c CL-> ^52)1 -Lw^S"l ^jA ^b jLwLa 10000 jl-Lygl d-olS" L>3^LJl 

^L*Jl ^3 J^^l ^_J-P o^LoJl oj-A ( /^a ^jjg jtvL> 100 -j (_£o_3>LLJ1 J^-oO>o l^JL 


M. K. Reichow [et al.], « 40 Ar/ 39 Ar Dates from the West Siberian Basin: Siberian Flood (850) 
Basalt Province Doubled,» Science, vol. 296 (2002), pp. 1846-1849. 

B. Van de Schootbrugge [et al.], «Carbon Cycle Perturbation and Stabilization in the Wake (851) 
of the Triassic-Jurassic Boundary Mass-Extinction Event,» Geochemistry, Geophysics and Geosystems, 
vol. 9 (2008), Q04028, doi: 10.1029/2007GC001914. 
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Ol j-J* jJl O-J LS" Jjj . JJLp 0 JwoJ ^oJL^ol ^ jj I LS" j_Jl cl-> J_>eJl (J 

Jw^VI 4 _LoIjLpxjjj^I o ^>3 O.Jj^SsJl -L-^v-S'I oUL*-uL> I 

. c_»j»p *y i ^3 ojjwL^i 


d->ljL-LoJl cl>I jJ^s* cJ^ oj^LvaJl CO 2 Oj15 c dU jJ Lya^aj j 

j^yi ^^jlji 43 JJL CO 2 -Ji j^s"i ij_&j «^i-*-!i ^3 jLJa'yi 

CO 2 Jl jU^s 186 L<_£^axJl ^_3>>\^Jl ^s>-Joj IJ_& ^>Jl c_3*!A*Jl ^3 

4_-w^JI ^ ^3 3.3 t I ^■***»JI -Ja1 -.mw 21 l ^ .*^ C ^3li»s<S.-oJI 4_3LS" ^*^0 ^-> o-^c-^J1 

jLJ->s 71 j <■ oLL^Jl ( /^s ^3 57) ( /jJa jLvl>s 100 ^a ^153 ^jLjj • ls.2s 

.( j j^^l Lf3 Lo->) O’UI ^->cJ! jAyg-J ^jJa 


Lf—^9 ^J-y2_>e_j ^_] CL>I^JL3 ^_3 4_0I 4-oLS"^>J l CL>ljL>c_£_>'y I CL-*-Jj-j J-flJ 

^JJ>-IjJI jL*Jl jjjJJ ol_pj l-f!*)^-^- |*J> (. ^j—^Jl I 0 I-L 0 J cj1jL>c_ajI 

65 ( Jw«3 ^L-aJl ^jJ ?\>Nl ^^SJl jl^JaJLj jj>JI ^-i*A*Jl 
^_3 *>\jJl ^1 j^SJl oljl*JJ 0 j^jl^JI 4iUa^/l cJl5 U->jJj / ^Ip j 

t wU_^Jl ^3 ^<2i*Jl j^l oljL>cjijl J*y3>- ^^>21 


^Ip (j j-+b* 200 Jl J j\j>- cj! jL*JJ 4 _oLp ^p cijAa-l 4 _*_v2j O-J IS" JjJ 

3j__v2_i ^JLl> c ^-3j-^ 5 j-^pj L*_j j^aj <• lwL>j_ji j^ki}\ jl5 L>3 jj_p ^l^s^LoJI 

L_a l j-J>x^- dl^* j! Ml . (853) ^MI 

^-w*iIjj_>cJ|j (j>Lp 0 j-J- 4 55.8 (J^-s) j-SL-_oJ! __ I {j-*-** j-JL-Jl 

jljj^>-lj tols^l^U)L (^Lp 2)183 (J^) ^^5LJI 

cjlwLiflJlj c jJjjJ-^Jl ojjjJl ^3 ol j^xjj c JuJul.j ^ 

j^oJLwvwoJl jl • jJ-»j-^Jl ^LwOw^S" ^3 ol L CdUg_^>c_^J 1 ( /^s 

^JLS"^ ^wLo ^ 7 ^3000 If!j_W (J Ja»^>c^oJ 

.(•Ip j^U 55.8 JJ ^waDl jlcul^ 31 ^XjI 0 j^3 ^^ol 


S. Self [et al.], «Volatile Fluxes During Basalt Euptions and Potential Effects on the Global (852) 
Environment: A Deccan Perspective,» Earth and Planetary Science Letters, vol. 248 (2007), pp. 518- 
532. 

A. S. Cohen [et al.], «The Late Palaeocene-Early Eocene and Toarcian (Early Jurassic) (853) 
Carbon Isotope Excursions: A Comparison of their Time Scales, Associated Environmental Changes, 
Causes and Consequences,» Journal of the Geological Society, London, vol. 164 (2007), pp. 1093-1108. 
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jJ> c-Jl ^3 jMl C jlLa 3.8 Jj-o^P ^3 0j_>j_SGl b_31 1 ^J~l_>iJL> 

0^5" c ^Lp ( 1 )55.8 _Jl <1jAs>- ^_9j . Ja-x-yg-l' 4 _*_AjO jLJl «La-w^-*Jl 
^£Sl Lfriygc^JlS" oUa^>c^Jl j'y jJ»*S" ^ 1.8 ^ilwL^Vl ^ cuSs5 ^Aj 

I ojljj>Jl obis’ Ujlip j»Lp 100000 o jp .a iSlw* oblSj .*>Lli 

o> 14Ub . 4j^x>s 27 _ ^]j 26 ^j-o 1 j jj 

(/ ^ ^e-l .ki>- oJLjo J^-lalo t j-<wh 0 >UI j_^>J|j CjIjLjJI l./g j I 

l . 4 , . vi I ; i MC (861)(860)(859)(858). . In - e'U •" • 

y\ jljla- 2(1 IJ 4 J OOj . o^SJI 

oL^>cJl l./?)' ^jjIj ^pLo->- jJLI bibwA jlSj t j <1 oL^>cJl 


Ir* 


biljjl jL>c_Jlj b-^jLJi Sjl 




0>L~ 




(863)., „ ..1 , ., ... (862)- 

ol~>*Jb 4jib*0 Ow?l yh) <b 


Ij ..j-ajJl 4JJ.2 ^3 ‘Lol^Jb- .Nl 

U-jb jLs- 


“J 1 T>~ 


<j>- O 


*J c (864) f U 20000 ^1 10000 ^ 0 jbLdJ! J*>U- 


D. W. Jolley and M. Widdowson, «Did Paleogene North Atlantic Rift-Related Eruptions (854) 

Drive Early Eocene Cooling?,» Lithos, vol. 79 (2005), pp. 355-366. 

G. J. Harrington and C. A. Jaramillo, «Paratropical Floral Extinction in the Late (855) 
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Palaeocene-Eocene Boundary,» Science, vol. 310 (2005), pp. 993-996. 

K. Moran [et al.], «The Cenozoic Palaeoenvironment of the Arctic Ocean,» Nature, vol. 441 (858) 
(2006), pp. 601-605. 

M. Storey, R. A. Duncan and C. C. Swisher, «Palaeocene-Eocene Thermal Maximum and (859) 
the Opening of the Northeast Atlantic,» Science, vol. 316 (2007), pp. 587-589. 

P. Z. Poore and R. K. Matthews, «Late Eocene-Oligocene Oxygen and Carbon Isotope (860) 
Record from the South Atlantic DSDP site 522,» Initial Reports of the DSDP (Government Printing 
Office, Washington), vol. 73 (1984), pp. 725-735. 

P. Wilf [et al.], «High Plant Diversity in Eocene South America: Evidence from (861) 
Patagonia,» Science, vol. 300 (2003), pp. 122-125. 

P. N. Pearson [et al.], «Warm Tropical Sea Surface Temperatures in the Late Cretaceous (862) 
and Eocene Epochs,» Nature, vol. 413 (2001), doi: 10.1038/335097000. 

J. P. Kennett and L. D. Stott, «Abrupt Deep-Sea Warming Palaeoceanographic Changes (863) 
and Benthic Extinctions at the End of the Palaeocene,» Nature, vol. 353 (1991), pp. 225-229. 

H. C. Fricke [et al.], «Evidence for Rapid Climate Change in North America during the (864) 

Latest Palaeocene Thermal Maximum: Oxygen Isotope Compositions of Biogenic Phosphate from the 
Bighorn Basin (Wyoming),» Earth and Planetary Science Letters, vol. 160 (1999), pp. 193-208. 
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oLwoJl 0 L 0 LS" c 24 ^Jl ^^L<>-*xJl c_—I 2 J 2 JI y>*-> 

olw<Jl doLwvul_j (, dU^ wLl« ^JLowJcJl c—JaJL)! ^jyjL>-\ ^3 ^jlsIaJI 

L^i 5 j' y> «J| 4 '^>-j^ C-.yg.ibJj / ^^JLo-JLJI c_Ja-aJl ^3 4_>J_*Jl o^_v2-L<>Jl 

^ ^ jLU 5000 Jl 1200 jJLkllj , (867 ) aJL]| 100000 JJ ihb 

C3jJl dJJ.5 ^9 oUa-^t^Jl J j4><Jl jl^^S" jjjj5j| 


( 868 ) 


3LL« 2JLw&j . (869) ^ 


<=-1—o 51 ^_^jl>c_> 3 jlJL-wa ( j_>s Ja-x-yg-]' 0-g>^2 jb-woJl 

^3 4Jws^) JjUpl 0jLwoJI CjI /j-jz 0j-> 

Aj Jl 3l ^<>Jl ^oLojL^JIj jJlL^JAg-l c Ja^>c^>Jl 

Lo-jjj *• c5j^f^l c_9*>\Jjl oL>c_ 3 oLLwoJl jjJJal .oL->Jl L^3 jjojJ jjJglLa 
JLi j! (870) ^l5'__ r Jl i»LiJl H 2 Oj C0 2 J\ ob~Jl ju^il 

ol,la.^>c-^Jl C-oLS* .^g<-wJg jl t l3j-^ jl CjoLv2Jo y^u>- 

lia_^>c^oJ I ^3 CO2 —il jl5 Lo-Lo C jj| I aJ»P Lj>J 4_vg^xS"! 4 ^ 

4_> ^J-3 


(871) 


oUa^>c^>Jl C-olp 
.jUJl ^3 j ‘U-vol-Jl ^1 p 


jt-> 4 J J-> g -vaJ l 


Ip 10000 

4_j ^j>cJo ^2)1.5 Ls^^>cJw« 

LL^ (Buffered) Jij 


c j»Ip j^_La 55.8j 183 L« ^Jl jL*Jl ^^Jg c^LJ-^-p Lo«jj 
^jo ^3Jl jljLwo-U JjL^JI jJL&J! CO 2 jLp cpLwo-S2JI o5_a cio^_Sj> 
J-*^5"LXj (JL*_9 42C-93 jlp jljLwoJl jl c_3jj-*_oJl .4-L>c-vaJI Ja^>c-^Jl oLw« oL^aijJ 
J- 0 C0 2 jLp L»Jj-«j> • C0 2 j H 2 0 '■Ij-g-Jl ^5-s 
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H. Brinkhuis [et al.], «Expedition 302 Scientists, 2005: Episodic Fresh Surface Waters in (866) 
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Eocene Global Warming,» Nature, vol. 427 (2004), pp. 542-545. 
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0L> Ua-J>c_^J I J^J>- j5clU^ ^3 A>-^JLoJl CL’LJ'l/ . ol_>c3 (1 )LLwoJ| 

l)LCw<»Jl CL>ljwL^A jlwLs^ 5 ^/ ^IjwoJi jl C Ja-»J>c^Ji jLo L^A>-Lv 2_> C AolS"^Jl 

J L L> jL>^Jl ^Jg-AA» (_£jA^tJ jl C 

J-L-A jl wLs^? j ^A>cJ jl C CL>L-^ ^Jl_> o LAoJ I CL>ljJ^A Ji2_*-s^? 


oL>l^X3l 23 Llaj . a5j^aJI jjj>c_v2 _)I ji oLo-LoJI Ji?Lio ji c^jIS"^J l J^LijJl jl 
1)1 j-*-> Lo-jIj l)ljLwoJl OljwLwA OwLoJL^I (jj_S\J ^ -L3 oljL*Jl 1)L; (JjA 

03jJ>-j_oJl ( Ju : 'y jJl (jl j~^P t ^->caJ| CjLaJ^ (_^l j_A>-I jl 4_3jJL>c_x>Jl oLUJl 

A^o5 j-ws^aJ IJ^- 4 4_LJ»3 

j^xJl <_3I ^3 o j*J>S\ I)jjj5Cll 


oLaj_s ^j_5sJj c I)j_j j_5sJL> j_>c_>6Jl j3\ j_a ^>-1 

^3 i*_^- 1 aj ilLwA J15 .La^Lpxj} JasL*al<>JI ^jjJl jL^*Jl^ ^>5! 


^XjJ C CO 2 -Jk <LLPj ( /jA>t^*5*)[ L> 0^A3 L&k>J C_^_L>- OlJgA>c^J' 


.f-l^^-U 4^vAw>Jl 4jj^>c-Jl oL*>tAJ ^X3^ t CO2 ^3 wUl^j t *-—U.5 


L<^j 


*l>-j ^Jwyg-3' ^_Lp ^Lp cl)j-J-* 55.8j 183 Lo <5->lwL>-l 

L>-jJJ jJlS3 cj!^- o cjIjJl^J ^>-La«j jL^jL 

jjJLo 183 J~i) (Karoo Igneous Province) i>jUl jjl5 Aik.:* j»L>JL 4_k_J ^ 

Jl>" M 4J! ^ ^1 Jlpj . (874)(873 \jLJI 4 _^JlUV; JA; iik^j (872) ((»U 

£-v^j 4 -JaJI jUVl ^A_ll>tj JA3 C ^UJ!J Ca>c-J 1 <^-lj>o 

. L05 ks 5LoJlp| 0 Aa1a^3 


0-L^_j 4JL)j\Jla J_LP ^Lwo-A^ 1 5i_ljL; 1 )^aJ| j->-!j' j'ol 

l)}j .^s^kiJl ^3 ^LU>Jl ^b>o t CUjwl>cJl ^lujl |»,^j ^SsJj .<-5>lw\^«“Vl 


K. G. Cox, «The Role of Mantle Plumes in the Development of Continental Drainage (872) 
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A. G. Saunders [et al.], «The North Atlantic Igneous Province,» in: John J. Mahoney, (873) 
Millard F. Coffin, eds., Large Igneous Provinces: Continental, Oceanic, and Planetary Flood Volcanism, 
Geophysical Monograph; 100, American Geophysical Union, 247-272 (Washington, DC: American 
Geophysical Union, 1997). 

D. J. Thomas and T. J. Bralower, «Sedimentary Trace Element Constraints on the Role of (874) 
the North Atlantic Igneous Province Volcanism in the Late Palaeocene-Early Eocene Environmental 
Change,» Marine Geology, vol. 217 (2005), pp. 233-254. 
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d>-jJj^><JlJ <cd“LcJl OlwLp-'yI oJj3 ( jS' <CLo-*~a 4_3 jX^a ^J| i^diad <C>-l>sJl odA 
*U>-1 >cj j^uj .^SsJ-dJlj ^J>-jJj-J>cJl j^jUl 4_3d AjsZ j-* Laj j-yaPj 
JalJLj 0jL>cJ>cJl t <dpL*_d^M 4_>^JajJl oLpdJJ 4Jddaj d>Jg.Cfl 4_L>-|jJ^3 

djd>Jl cet)d_vajlj (Ji^-> c (JLloJI ^J_p .4^5LL<iJl <d>ld>-'yi f-LdJ ^I 

Idlj .|Jd>- csj j_*~a j-^p ^Lp 0j-J-« 55.8 (J^ ^d**>jj')M — j-^^1 iSj\ 

0 jj j-SsJl (l)ljj>- oLLwwvo^AJ ( /j : Od>c_x>Jl 0-^3jjJlj ^jjLJI ^—3j-*j 

j^xZ j\ ( /^P d^l_CC*Jl OLv?jjlil )jJU L^-vAJj .C^jLdj ^^J>c-Jl 

. ljl> j-aj Jij odg-S" oL« jl*-* Co IS" JU- ^3 ^-ICoJl 


A jj j>ljj>cJl ^IJJCjI ^^Lp <ZjZj>cZj l <ud > j')/l ^^>Ja_*Jl l)J 

o»i_A I j-*ZS cl) Ij . (_£^l_^_J 1 Ja^>c-o—L) ®jUI tij>-^ <Jjj>-j ia.^ ai jjcoJ' 

.‘Lw^j'yi o jS sJl ^JL^/sZ ^_3 *LCC ^_<_S" oIjLpj Ijdp i 3dHjj l ^1 jJCw*J ^d"l^--Jl 

4_d_o-*J Nj c j_^JI ^ j~y^ ^ *j -^— 1 'J ^2j->c-wvJl ^1 j_oJl odA (J ~£_*JJ 

4_Lvv-LvsJl jl^dj Cjj-oC oULsJli C od^-S” djjJg ^3 dd>e_j (1)1 ^oj_dJl c_^-_djjJ 1 

yesj_Ld 1 ^Jl (Mt St Helens) 0.5 ^dJi^-A ceJL* jlS"^ ddi dij .dJlddJl 


)LjJI 


<y 


jjcsj_Ld 2800 IjJlSI1)15”j_; ddsj t jldJl 


oJj>tC<j! oL>MjJl ^3 jjd*>j_L dJaC* ^3 C o_^o yi]\ ^dLoJl ^ l yS\j*i\ 0-3Cij 

l)l~o)M ^w^lj .jd*Jl ( /j>s <^^xS 1>3 ^Xoj j-^5" 100000 _ 10000 IjcLjj-oj <uS" 

(Toba) l>jo jL>cj 2 jI c_*_> Loj^J Ld 

^gj'yL> ^jJg-ygl Lods jl Ldljj^" l)L> 1)1 c^_ p^ oJlj j-doJl ( /^os 4_L*J 

L>->j jjjlc^wvJl Ij-A cl ^a UdLdJlj . cc-w^Jl ^xjI^ ccljj-^gI cjJI cc-d 

|t- ;; f c - >c -o CC-jLS" doljj-v^lCjCJl ^-Jg-x->3 (l)li t dU^ (i _5^|. .2 oJj>cj 

jUiaVl ^d>Co ^cJl dUcS" CdlS" Jails L^jj oj^Ul dld^'yij t dJldjT 
tJJU-Jl jldJlj t (Tsunami) ^Uj-~cJl .^^w-kJl ^-ojUl ^ 

ceL_Ss_) j-SvJl ^LvaJ ^y2-*j2-A J 111 jJl cL^JCdoJl iJjLjJl Ja_3dvjj (. J^.il (_£jjJ Ij 
^J_p 0 j-JxS^ 0 ced^d/2_j iJlc-A ci-oLS" dJL) .^jj*Jj_a > 


H. Palike and F. Hilgren, «Rock Clock Synchronization,» Nature Geoscience, vol. 1 (2008), (875) 

p. 282. 

L. W. Alvarez [et al.], «Extraterrestrial Cause for the Cretaceous-Tertiary Extinction (876) 
Results and Theoretical Interpretation,» Science, vol. 208 (1980), pp. 1095-1108. 
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^Ua_, jl5 .a^pUj>cJI oU?IjJL^I L^_la_ij t^j^aj'yi 

0^_5 oU>5 C-Jw*-oN <1)5 t ^vw-j>cJlj *UL*Jl jjj>r■>./?,.I' jl jj>t^>- 

L^-wvo2j jU'yi ^^Lp UU 2 j>-j ^ j_>tJl ^-3>UJl ^Jl 5i-Joj_5\Jl oIjIpj C0 2 -Jl y* 
a^pUj>cJI oU^I jJL^yi d)j_x-' jJ j .4_o5j_Jl 0 jJaJL ( Jl^2j>o ^I 

Ujj ^y I a5^j>- <1)j_SU Uj-lp ci-> j_>cj jJj <. a_) jj^ oUS\_> j5sJl 

(«_—^*0 <1)1 ^oL*j2j Aj>c-2o •*_>UUxJ ^j_SU->j . ^j>c-oJl ^Ja-wvJJ 

UU^P ^3l»>c j ^jjJl ^ UU.^ .UpU->- U?l jAj\j L>jli U“L>JjIj (, yS\y 

<ij j_oJI ^j UU~U L^-J-p <_->j_lSU i ^jL> j»L^I UUU^_9 

. laJis 4j j*£*j A3 LoJ>- A>c^u 

5 5^3^^ *U>-j-^Ua-i-s^ 5 J-5U!l> aU»-UoJ1 cj! 1 <w-w^vJ 

y* aJ j2a_>a SjJLS OjJ^>- J-Lpj c ^j>- jJj —j Ja_*_U t 4 _*_j12L!| 0 jJajJJ li*>G>- 

. Aj jj U *L*pUj>- oUM y~>\ j.^JaJj c A^>tJl oUlSvJl cUUjal ^jJj ^U^2_>c-L> c J-UcJl 
oUj15\J y-b\yj ( JljI y ULU 3 Jo jj><Ul ^Ja_*^i ^jJLwv^j cjli Ulta ( /^P tA-yg.S 

750 ^J-^) 5i-> jj j j jJj jjj-jJl J_L>o JUJl oj-& C-olS"j . aJj>c. yg-I I oLwoJl 
< 1 ) 260 ^Jl 300 JwJ) (Permian) yj^\ y ^I jJl >Jj c(j»Lp j^Jl« 635 

l2l j J->j_P 0 jL£ ^_Lp oU>c_)I <1)1 ya ^_P j^\ ^_LPj ^ ^y 3 j-^ ^-UtUl <1)1 (^Lp 

c ^j^Jl ^.JaJaH ^Jl aJl^j ^ cu-Ai Lj.\ip jJw 2 ^ c5l5 Ujj (Gondwana) 

^«p jJl ^Lpj .oJ-^5 oU ^3 y$y oU>cJl <l)|j <. UjI j-i^»l cj!j LaJl jl Ml 

C^UjI-^JI ^3jj! ^wo> ^3 ^ ^ ^i ^ ^UUi < 1)1 yo 

^-joj c L^UUjj aj d5 jb ^cJLaj dj| jLaJI 5 y^-* oi U5 . ^y I ^_S"j5 ^ 1 _p 

.^UoJl ^3 jJl L^_*^-j>cJj c ^IjjJlj Ja-j>cj>Jl oljU j**jj c ^>c-Jl 

CUjIS"j .U^l^vUj c oU>cJJ Ua-U>- IjU^jl o^Lp ^cJCj 

I >wAy?JUja ^3 IJjJ-Ji ^>e_Jl ^li oJ^J U>5jJ AjjL^-s ^ 5 ( Jj5 I 

aJjLa cjUo-5 oUa ( Jwo-?G j / ^^j-wJiUiaJl 

<l)Us>sj C0 2J t H 2 0 jL>ej ya 0 j-^5" »J1 jUo 5 lygj' »JlJjwL»jal t Ojl ^>Jl 
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ojl^j>Jl d-oLS"j j_>Jl ^i>A-*Jl 

(879) 


Ja_>-j ^j «. lg ll ^j-o Ojl^>«Jl £ L>-j^ ^jli b\s j 

jl JL>JI ^3 ijLjfe ^^SsJ jt-! 


^ ^_Jl 4_^1_P Lo->J 4_j^JLa 

^Ji j^s- 1 jbdi <4 jju-'yi 


ijLJl j»jJl olji j-* i-ij-ljj 




JLS'. 


(881) 




]g a ll 




4_)j_>c_Jl ^C-5 jj>dj b ]gA3 (4ia_>- ^j_P oJ^xj 4_x_ijJjJ^Lwa 


b_. Ig 1 ^La-Ail >wJa-A)1 jj>o <LoL>-^oJl 


Ol0 JlP oJL lSj 4~uL>-.5j-xJ>cJl CJj_P Jj5 j I j_& . ^JL^a>I tj AL*-a 

L5^> <4jJLw*i' , yi Jai>- ( /^P A*_>l J^Lw* ^Jl L^Jjlo y>xJbj ^^>c_*^S"VL> o^JLs oLwo*j 

„ w , (888)(887)(886)~ t • (885) At, * - t u t. , 

. A-x -Ja_i2-wa v i I \ j Low^ai *l>-Jo c (JLwoJi 

oL>Lp ^.Lp ^ j-L>Jl <^_la_flJl 


oLoLS\_^a> ^>3 L^JJ^ 4-L>j_1? <4 


^^JlP oijfc 


(889) 


^Lp jj-J- 4 112 _ 88 ooULoj 
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_ 4 0 ^j-o j*-* ^UlcJ I 5jl js>- cjL>-j.5 CjLS" >c*w^>- .<LoLy?-^3 (J 

(l)LS"j • 4o jJC3 4 j>-j^ 24 20 ( j^o <—A^-yg-l' ojljJ>- oL>jij t 4o jJCs A^-j.5 

.LJlS"jjj L2s?jj Uib 4_*»si5j jlS" ^j-SUl jV .laJis liSLoos I 


c ^ i LJa.11 ^_o 2 _*Jl <lo^L>oj c oilo^j^^woJl c_J ojl ^>cJl cj L>-Co IS" 

.oLo>c_U jLa^jI .iilck jlS" JJLs <. Cy°^ id-A ^j^-i .o'yi ^y* li^l 

^3 CO 2 -LJ <LJL*Jl Cj1o^C*woJ| ^Jl (_£ ^-C l Ja.1 1 j^ 2 _*JJ ^oJl^Jl *o_3jJl c_^»~o JlS j 
( /j^S"!jjj c acJjLJI c ^jliJl ^|SLcdl ( /^s CO 2 *boicolj jj>tJl c_3>l_*Jl 

^LboJi <jl JlS> JsV> iiLwA L)| j*£- .^w^Lls'yi Ja.o>c^oJl ^J-o2j C ^>t*J! ^*_3 

.(892)(891)^^J, j C 0 2 ^^ ^ '*>1^ jl5 ^^Lkil 


J^l (Gamma Ray) L>Lp 4_*_J2 jl iioLDl cjLijJjoj-^Jl cjIjU^jDI <1)1 

Ao j-SsJl A*_U>^lJ ^j_SG>oj .Aoo JJlJl CjLo?I jJL'yi ^3 A3^)_*_>s AowJg.P 
A 00 JJ 2 JI cjLcJI a^-aI ^<>-Svj LwAj . 1^oIpI*-J»Ij oL>cJl I ^Jj d)l ^AAO>-JbJl ^4 -*-C*>LJj 
c^c^*2 ^SLJ jU^Jl (^Lo-plj A-U’j'yi *^j>->U<>JI oLblSJl obLc^^ cj^ ij I 

(1)J ( Jws3 -XiJ |2_& .Jos^I 0j-w23 A^lj AoL-wOwb ^bbl ^1_P W-> L5"H 

^Juo2J>- ^aS" jJLl ^Jj-^os jl5 Uslp ^4_*-C A^*o IjUxjJjI jl U5li li Jj 

.(.Ip 440 _ 450 JJ U 


5 JJ idb ibojl ^(Primates) oLJ^Jl 12yojl ciJ 

ol^JCvOJ ^ 3^1 o^CL*o ^^LpI jj>^Jl ^Jg-AAi ^^JLwvoa jLS"j .(*Lp 

^ (Hominids) oLJLJ^M oJuJop JoU^ij £lj2l c—IjUJ jJj 

^jJl 2>-3 .I^j2 Us jIp^ 3ljJl |*JL*Jl 12-& .U2_>^il ^3 

^Jl^->- l2o ^^-a* ^1 ^)bI ^J-o2j>- J-A3 3jl^>- CjLCai^s 

C-olS"j .cjL^o jJl ( /ys ^cS" Lg -*3 Loo tobLc^'yi ^cS” ^ 2 ol 3 c^Ip 0j-dj* 2.67 
co^oLUJl ^j!^ k a2> ^y 1 L^jwp t e2_p ^L^o'y L^J^Lcs j^xjyj ^j-y y^ 


ilwLo 
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. jl jJ>- 1 IIp <^-3 oL-bJl oCj (JpI : (Primates) oLCjJl (#-) 
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2}Lla d-olS"j .*LwoJL*JI L-sl j_*j> cJlj (, ^y>rL^]\ jJl ~.Jlj (. 

OljloJ tjUa^s^l <2jJ iS' C^j^l 4jLo ^3 0^l j-^J 

c (Homo) (L)L-*u^/I ^3 -j i^j J>z ~ > ^ LoLaLj 1L.5 .4-2*1I Ja-»->c-x>J1 

.ioLo)ll oL-*j>cJlj tjLJlj (. t L^w? ^3 olj 3 *)U cJjVl jj-^ la.Il 


oL-^J (JOIDES Resolution) ^L>^_*1 cu^Ij 

A_>lj-j i /^_L*_* Lo-* c d)L*—aJl oL—*> jJ ^3 ljj>-LL« I,]g..*>c-oJ 1 
^Lwo^5" ol *_j ojLilj .^ ^Lp oj_Jw« 2.67 ( J-^_3 o3j^_JI -^Li ^_ij^_L? 
(JLs^Jl o jhj ^3 oLjJlj c ol_*L*Jl ^jyg.-L;j c «l<>jLp L>jj>sj oUul5" ^3 ( /^>c_~*5"'yi 
oLUJl OjJuj ^Lajj- j 3jl_> ^Mjw« L42-* c^L>j-!l LgjL9-L£ 

ojjojl j c c-Lcl^-L/L* jL>c_jo^I oJ->I <L^->- oj_>c_^JL> cjL) ol-L*j c ^1 j-* 

^J-P jlSj C0-l2Lo-oJl ^pl^-oJl ^3 Aj ^>c_*xJl ^pl^**Jl £>3 ^L^LsljLoJl ^SL)l 4^*JJl 

(895) cj1j jli _pL* JiLL, i*5UJl js\ JA iy_^ ol JJljVl j±J\ 

Jjc>- j ^>JJl kSj J-W 2 JJ ol^ olj^l I_y2^li ,j»jj>JJl J5U (Omnivores) 

Ij_^_>-j-is oULjJI 4_LS”I ^.JlJI j_l> Lol c ^ws2>-gJJ <LJuli jjLS'l j»j->cJJl 1? Si 

^>cJJl ^jS”! 2r° cJL>- j-L*! (^ L’2_*'yi a>-\ jJl 


ijXp ol^^p (HMS Challenger) y>cJl2> ^Uo^l L~jL- cJaiJu 
»*_3 LJLlS'y I I-La ^ 3 ! c J ji J_*_i j . jJLS' 0 ^Ll! ^3 Ja—^>c^Jl j_*_s ( /^>s 

J Ja—>c-oJl ^^3 L>J^-xJwoJl Cj!j^j>c_*J! JaULlJ c ^a-c-Jl ^^3 

oi-A JwwL>tJ j .oL^IjJJJ Hydrothermal LJLJl ojly>Jl 4^Ja2l 
2)| .o3l>tj| L> UUj j-A ^:L Ljj ^v-o-*xJ! c—>o L» LdL-o^S" 

2)1 -La-j jJj / ^(Fe 60 ) -U-L>cJJ j-JaJ j-A (.UjlaML j-JajJl 

(jV c li jj jjj—-Ji o1jL>&j2jI L^Jo-b>-l ^o-*Jl oj-w?-3 jjUaj ^^jLp (_£jJL>o olj-->c-*Jl 


L. M. Prueher and D. K. Rea, «Rapid Onset of Glacial Conditions in the Subarctic North (893) 
Pacific Region at 2.7 Ma: Clues to Causality,» Geology, vol. 26 (1998), pp. 1027-1030. 

K.-H. Baumann and R. Huber, «Sea-Surface Gradients between the North Atlantic and (894) 
the Norwegian Sea during the Last 3.1 m.y.: Comparison of Sites 982 and 985,» paper presented at: 
Proceedings of the Ocean Drilling Program, Scientific Results, edited by M. E. Raymo [et al.], College 
Station, TX; vol. 162 (1996), pp. 179-190. 
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K. Knie [et al.], indication for Supernova Produced 60 Fe Activity on Earth,» Physics (896) 
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i 0.23) g-.Jflu ) jj»Jjj .JaJiS y# La j&S* dJI^^>c_*Jl 

^_3 0ULJ2JI ^_jjL> ^j-SCj! c ^iLvg} / ^(j»Lp 0j-Jw« 

.p 23Llaj .oJ->Jj>cj Fe 60 _Jl <jj_£L> C—^ 3 jj oLs coj-^>c-*Jl 


^Low^I C .5 w1j>cjj 


oL^5 ^ jbJLi Jbl>‘ i)L* jl5 j , (898) ^LAM _^JJ ULjL. ^kp! 237 kd 
(NASA) jJ^Lw^ cjLJLxS"I (,\^j jib dik ^o ( /ysljxlLj . ^Ip <j jJj> 2.8 jj>u Fe^ 

RRHESS (Reuven Ramaty High Energy Solar_ * _~_> ^JlJI (NASA) 

ol j^>- y* JJl>^JI j jJg Fe 60 AiJwaJl Jj^k j-p Spectroscopic Imager) 

j-S" (Jj_SLj (1)1 . (_gj jjJl L^JlUcJ g-LxJI lijjjjj_^> 

^jL^JOa ^jLw*oJ g- j_JLj (_5^i Ld»-Ll>J IJjU>- -t3 Loj_3 JpLi Li jj jj j_^j 
oLlJ j J-v?jLw*» 4_o j_5\Jl 'y 1 CURLS' j .3 ^ ^j>-1 a_> j_*io ^j?1 jJLIj 

/ ^JpliJl li jj jjj-Jl jlgxdl ixi y* <-3^^] 


02jJ>-j jJLoJl ( 7^S"Lg'yi j-yg-siJ .k_3j j_*jj j_wP JpLiJl lijjj-wJl jjj (1)| 

1 (Orion OBI ^_>jl L)j_jjjI ^L>c_jI l ^ ^_*»1 4_g_jg_Lja L)j_jjj1 ^_ja 1 1 ^ * s 
, k I: 11 (Compton) (2000 _ 1991) j j-~-^ j-S' JdL~Jl <L)L Sj .Association) 
(1 )jjjjI 1 1 ^j>o (1)J .1999 j>Lp jJ>4jI 1 ^jjl OjjjjI c lijj^jj-wJl ^j-cISLxj! 

g-LijjJl j_>cjJl oJ_gJ (l)Jj .^j-v^o-JcJl oj-g 50 ^Jl 10 j^S\j (3jd>lj 

li JJ jjj-^J yja jS ^Lx-Ji ^Jlkoj li-A .(^Lp (1) jkjs 100 30) 1 j-w2-3 1 Jj»-P 

o^j>tiw<Jl j>jJ>cJl ^1 (1)J .^jjgj'yi JJ_v?jl) jjji £ Cxjjl l^jl ^Jjli 

£ lJw^jl^v^J 1 o^Lg^Jl j-&j aJC lJ -j cJlj^ ^ (_5^ ^L^>-Vl t _5-^-p 

3jVl (l)L5CJl j^ (Gould’s Belt) jJ jp ^li^* - <1)1 Aai^jj .^oi_*Jl lLj>c-JJ <wdi.xJl 
ilLUl 0 J-^J 1 ^UgjJl CjI jjsVx^a Jljj ^fj <• (2Ug*ckJ 

.LjLoj k^Jj>cj3 j^P a 3-P 0 jj>cj>Jl ^3 4jjl j^ftJl ^ jgtd! jJUj 
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.5*1jSj->I jlJ OJ>j j-&j 5*oa (JI^j J-^-^ ^j-^ljjJl <1)5 oJL) 

ol j^xJ jo*)\J o j_jL*J l lo j_5\-J| j oLjj^- olJl 1^_™J ^51 AjJj^l Ji*>Jj>cJ 0-9 j 

(I)*)/ 0 J_& ( /^s (j-Ag-cJ I 0-*-v2Jj .5pLoO>- Lygl ^-fl-)l ^Cg- jl JO I ^_9 j^J J 

(Trans- ^Jjo^L) SjoL*Jl ^jo^lj-a^lj tlo_g- oj^lo o5ojj»oiJlj lo ^cSL 

0LJ>l ^l*o tj5Jl J™o ^^Ip) 5~Jlo jl*jo M Species Diseases) 
iJIca j . ((Leprosy) ^Uu>Jl <. ^jj^- ^.jjJ ol jy>- j_aj (Armadillo) 

jL^^jl (1)1 j*£* .jjj 5*Jl IJ-& ^^3 ^9 IoOp5o ^->=-*0 (_5 ^ aJ 5-9 ^oLLa 

cJjo jL>c-Jl ^_9 (_JL>cJgJl jLaOjIj c^U-s^’j'yi oLwoJl (0jJ 9 ^5^ •*_JLxJgJl 

.AlSs-ooa 5)1 oJ-& (1)1 ^lp 

Ao j-5-J I 0? yX.*,/Q .S I ^^a ^Jl>Jl U_& ^9 jl^xCColo ^slSvJ ^Lolj'yi O5o>cj|)) d)| 
oloOidJ (1)15 5Jj ^jwyg-31 ^2?^ <JjJ*I (Jj-v^jJJ <L55o*JI 

^ 0_3 ^51 Cj5j5\3J j-^JCvoa (Jjg»eo LojJl3 c^Lp j5oa y* ( J5 o5>- WjVI 

,((p|jjVI o_g-OygC pLiJl jLa 0 Cp o^L jJI o 2 -& Jg>J|)) . ^.^Ip ^jJ <o 5 o 


5*jJpdl 0j*5sJl CjUIj-w>eJ| ^51 jjDl 

(J*} 5 - AjjU Ao 0 -Jo>- ^oLLyg ^3 0 jj-ygg-coa Cols' ^jVl l 5 j5 o 5 a ^Jg-*oa ( 1 )| 
c 0^/1 1 jjoa 130 _j ^ol jj>c-Jl ^Jg-^» ^jjc*oa ( 1 ) 5 j c I ^oJl>JI j-yg^Jl 

jLu)l d) 5 j ,l$J y>- Is jLJl ^lo^Jl Oj j>-j ^ 2 ^oa (_^i ^LL*Jl JoJCP <C^yg-Lao 

^Jg^A* (_^yCj3 ^j^Lig-col Oa*o ( J^3 ^oa l ^ l yg .j (^Jglca S^ip I 

^p Lwwol 5 ^-w«l (jLo-C o 5 *o^M (J (1)5 c JLcJI ^ 5_3 .^>c-Jl 

.4oJ w5j>- wL*_> 5 \jj>~ S^jlo ojC9 (J^5- (Bering Strait) ^j^ o (^Jo^Jg 

c55* coj5 co^j j5l Cwojli ACajI |5> .L>>5- Ijikca d)5 aSI Jo 

.aj j 5 l oLodJlj jj-Jg.il ^j-o o^c^" ^Op £a jJi .Jl l^-Jl Jwygj c ( 5 I) L^j s jpj^ 

/ ^o5LSsJl oJj* ^ Lcv^ 40 ^Jl jg- c o jaa /?9 o ^3 ^j ^-5 ^^ 5 ^ajI J 5 jIj 
^J_p lj ^5 L^jJg-^lj_> d) 5 vo^fl d )5 ^cJl 5 wCJwLJI a_ 5 jJgJl j_a o_>_ygJI o| 

^Jg-^o ^jJg^Jl i^-^cJJl (j 5 j jO ( 1 ) 1-3 .Aol-O>cj (_5jJ j-ygJl (j 5 j j-Jl ^J_P (J J_yg_>cjl 

^jllil ^j-^l o5 Loojj .^LjJI ^Io_*JL> AJjlLa ^j)c_pJJ ( J^yg_3l jJ 
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ipljjJl oLU fj*] J-* ^LjI ^ (Younger Dryas) 

^L>cJj ^PjJJ ( Jl^*JLv*u Aj j_v 2_>- ^IjVl O-jLS" J_3 j .(1)1 4_>Ll*J I j 

wL^aJl JjJLo 4yg><Ji ^p C*olS"j .Lj>c_^>J 1 

.ojj jJ? Jil CU3jJl 

La |j-&j .*Lo-Vl ojL>t)Jlj c c ^JJLXj 

^3 <cJ^^LwvwoJl ^1 c^w^lj c^L5"l LJlp oLjISsJI wUp jl 

(, jJLj *5\J iildwk (l)LS"j . i L s ^ 5 jJCjz (j^>«Jl ^3 ( /^S"Uj| oJp 

^ */? p ^ t (Macrofauna) o^^-SLJl ijj- : _>Jl ^_^L>^Jl 4_^Lk_>j 

^Ijl t(l5sj^>j| ojli ^Jb) I jdLwvo*!>\Jlj i (LjJl 

I ^j*-** 1 ^J ( )g *ai^JL oJl Jj^TJ 4^>^*Jl &JLk/3Z1*j* tlr^* 1 ^ 


oj_& 1 .(^IgJl Ja^oc-oJl j^>-j lw\J*^jj-o t jJL1LPwL«) 

(1)1 jJU^L} I d->ljL^3 ^_xJI ^_jjl^- J i^-^J * (_£I ^a 

^ol^o ^»Jj / ^ C-w?^3 Ji 0j5L> jl ^ A^JLjJI ^-Ll>JI ol 

Jjb Lw» ^I jwoJi *JLj\J<j >-I ^a Ul ^3 ojllil ^Jw£ ^Lp ^Aj^M 

■ l^,-.-.-.--rS-‘>j ! 0^” wX^WS^j I ^ ^3 >- i Lr - V' j! ( _ s lp 
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j»U 12000 J^i Lo ftp 40000 J5 oLJlPJl ^ jl^Ij ^jjJ l^S^i I 
JLii 12000 Jl_^ JJ aU 12000 <GJLo ^1 _^l i^L* jl5j , (905) o^ 

C ^(l)j^jJLwvwoJl^J C j_>jLoJ|^J C 4_L^jiJ1 Aj^kj ^ ^57 


D. W. Steadman [et al.], Asynchronous Extinction of Late Quaternary Sloths on Continents (902) 
and Islands,» Proceedings of the National Academy of Sciences, vol. 102 (2005), pp. 11763-11768. 

B. Brook [et al.], «Would the Australian Megafauna have Become Extinct if Humans had (903) 

Never Colonized the Continent? Comment on «A Review of the Evidence for the Human Role in the 
Extinction of Australian Megafauna and an Alternative Explanation)) by S. Wroe and J. Field,)) 
Quaternary Science Reviews , vol. 26 (2007), pp. 3-4. 

D. A. Burney and T. F. Flannery, «Fifty Millennia of Catastrophic Extinctions after (904) 
Human Contact,)) Trends in Ecology and Evolution, vol. 20 (2005), pp. 395-401. 

E. Bulte, R. D. Horan and J. Shogten, «Megafauna Extinction: A Palaeoeconomic Theory (905) 

of Human Overkill in the Pleistocene,)) Journal of Economic Behaviour and Organisation, vol. 59 (2006), 
pp. 297-323. 
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30 J c J t J«Jlj t j^A^SsJlj 

1$^ jlJU* ^pl^3 4^J>c-ygJ' ^>jL>c^oJ| C^IjI^-O- d)l ^^Lo Lo-S" .L^Lp 

Lg-S" y>- ^3\ Jp j_xyg.ll OJ-pL^jj / ^ l^.Jlldj cJlp jl OJ->Jl 

c5 _L>^> vS"^ 3 >X*.*/9.)\j i <Lw^lj2U»Jl ^lj_>Vl (Jli>ojj CjUl ( JjLa Ol-wsoNl 

jLo-ji ( jji Ljj->- jjj-^L^-j ^Ul (1)15 Lo-Loj • L y?\ j-ajVI ^P-p 
oLLp jU^I ( /^s oISsjL ^1 jA ^y» j^*-*-t Ojj^ 5 ^^ t^yPy>~ <1)15* clS"^-^1 <_^jJj>- 

.Ol)lJ-^g■cJl oJ-A ^j*g|jJLl (_5^ (jii 9 j-oJlj j-oJl l^A (1)lS"j .0 

(Megafauna) l £ j _JxJ! ^waL^Jl oUI^w>J J->J-J* (J J>\yi Jl IJIla jl5 
^l^Jl Jg»j>c-^»J1 j^>-j c IwXlL>jj^jj i ,]g*Ai^x<>Ji ^ LJlis^i 

lij-^-'l Jj-*-^' (j^'j- 5 -^' £-^ J-S’ C5-»J » C 1 jj-^TJ 

^j-o CjUI _y->~ LSj~°l ojli ( _ s -3 0 -jJJL>-I I. JLLoJI j 

jL5j .(.U 11000 ^1 12000 J^i o_ijJl y t>r ^ rj SM ^1 

j“>L-S2l cjUI^^ cuiS-l v2~^- (Greater Antilles) I Jyl 

oJu& oLG^I j^xs^\ Gjj- f j»Lp 6000 J^i oLJajjL^oJl (Sloth) 

LJlyL^l U J> \jJu\ j^JH\ i >S^ jJj • 

.^IfJl .Ja^>c^>J' Jj~T t^y 3 ^I^-U-Ljjj^jj 


t_r* ‘j' j-r* 


tL>-j^^s Lo JjJ fj j yAS>-\ iJLUAj 


B. W. Brook, and D. M. J. S. Bowman, «Explaining the Pleistocene Megafaunal (906) 
Extinctions: Models, Chronologies, and Assumptions,» Proceedings of the National Academy of Sciences, 
vol. 99 (2002), pp. 14624-14627. 

A. J. Stuart [et al.], «Pleistocene to Holocene Extinction Dynamics in Giant Deer and (907) 
Woolly Mammoth,» Nature, vol. 431 (2004), pp. 684-689. 

G. J. Prideaux [et al.], «Mammalian Responses to Pleistocene Climate Change in (908) 
Southeastern Australia,» Geological Society of America, vol. 35 (2004), pp. 33-36. 

B. W. Brook [et al.], «Would the Australian Megafauna have become Extinct if Humans (909) 

had Never Colonized the Continent? Commnets on «A Review of the Evidence for a Human Role in the 
Extinction of Australian Megafauna and an Alternative Explanation)) by S. Wroe and J. Field,)) 
Quaternary Science Review, vol. 26 (2005), pp. 560-564. 

Paul S. Martin, Twilight of the Mammoths: Ice Age Extinctions and the Rewilding of America (910) 
(Berkeley, CA: University of California Press, 2005). 

D. W. Steadman, G. K. Pregill and S. L. Olson, «Fossil Vertebrates from Antinqua, Less (911) 
Antilles: Evidence for Late Holocene Human-Caused Extinctions in the West Indies,)) Proceedings of the 
National Academy of Sciences, vol. 81 (1984), pp. 4448-4451. 
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Jjy oLjLS’ jl i v_J (Yukon Territory) JJ Ljr J >\jlj ISLxNl 

UoJIp J Jblpl, olJuj c-A. aU 11500 Jl 13500 ^ JL-Jl jjJJl 
(Bison JJ,oSlI jjJl dUS Jlp ili*5ll j ^_jJl jlju-^l JJ> 

JjVI) (Wapiti) ^yLolj t (Bisonbison) j y~y ^y~y Jl jJd (_gJUl priscus) 
J>l JLil J_J> oJ ./g obLjJl oJla oJLS’j t (Moose) Jsj_«Jlj 
Ju c 4j>-LLoJl iUl*~JI aLo->cJI IXsJt ol jJp cJ^tj Ij_aj .^j-^LoJlj jL^aoJl 
jjJ jl (. £-9j-a J>-Lo jl t (_».sL^ ^ 

. <912 ^lll^l ysSlI 

yg-^-l LuJ_> ^j-aLoJlj (jLya.>cJ 1 (1)15 c4_SsJ^l!j cl) 

_ I AjjJa-La cj_j15 Uj-lp <LUj_*JI U j_oJL> ^ULiJl ^ o^»w^5 *>»»! L^-o«-5 

tjLLa_^Vl o!jl> j *L>- Uj-lpj .4_sL>-j tjLp-c-ji! d)jJ_jj t<ojL> d)j_5j_> 

j-yflJ>cJi OL>L*Jl OlwLj .(j C ^Iplj j^2J>- ' (^_UL*Jl 

d.» ( 4j <LUj_*Jl U j_oJl kU->- jju-ij c tA5vJl ( Jo wLjo 

AS^/ss>~*)J i C-oUj .( 4 ^-j^ 5 ^j>-l 4 _oLw<>w^5 U j-^j) (oU) jJL> 

Ojj-wJlj 4_5J)fl jjj c jJl51j ^Lp <_aJ*y L&j_*_i Cjj_oJlUj c <j1 j_j 

jJl ^^5*51 c Cjj-aLUI ^JL L>-Lo c C—j>Ip Lgj5Gj c USUjIUj.5 L*j>-IjJ 

. jj\j d)j Jj oL>Jl J»*3 ^1-P ^ cjU j-*d>cJl 

t ^-woJLp Jt>\j>- ojlj_>Jl oi>j) c^_)L5 LoJ^j 

O J j->Jj .4 _*_jC oL5 oLjjJl Olj-^*5 (jl j-^P .(__£ j_-_S\Jl oUl j_^_>eJI OwO-1-3 Ij 

J u^'j'j J' J iiUJl l_^JI 

jj>J J^i Oj^j jl ^j»LJL (js) U-^j t y^>S\ ^Llj^ c(Preboreal) 


<_)l J_) ^>3 0 J-^J>S Jl 4^5 oljl ^_^jL^>C_> 3 CJ_5^i_Aj 


(913) 


r 


Ip 11200 


Up 


j.+/9,$ c_iljL>- S^Lp 12500 j->o 

^i_Pj .^1 (J^ 5 ^(-5^1 (-^(1)L o^ia_> iil-Lk 

jlJl Jwa'yi j5jp ^LwoJl ol(1)1 ^jJl 


R. D. Guthrie, «New Carbon Dates Link Climatic Change with Human Colonization and (912) 
Pleistocene Extinctions,» Nature, vol. 441 (2007), pp. 207-209. 

K. W. Flessa and D. Jablonski, «Extinction is here to Stay,» Paleobiology, vol. 9 (1983), (913) 
pp. 315-321. 
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j-JcJ yS> c- 3 jj-*->J ^JwwLijJl (jli t I 5 s-~J I 

j+*xj lJ6 , »'o2 ' c l— u^ j-^P 5~^ ^ A> A^_)—\-flJ 1 ' 

jlSLJ! ^J-p J$ y# ^_p jJl ^i_pj .^Lv^aijJj^JI ^-L-oJl 

L 5 t ^L^>cJ 1 ^jJjd I ^3 L*J>- 1 jJ ^2 ^_> Vi ( 1 ) 1.3 l ^IjwoJ I j^xj 4 Su 3 j I ^3 

. (_£ j>-\ ^2 Jjl £J>“Ij 5 ^j} LoJwO C jA> 


jUj^ I j vioJ^eJl ^LJI j*5j 


J.( 917 >< 916 >< 915 >^|jj^ UibJl ^ ^JLSUl illl* 

L^Lp 50 (J^\->- 4_j jJLa *l>-j^ 0.8 ojl-iJLa ojlj->Jl 4 j>-jJ_} LpLAjjI d)| cJjLLw<>>j>cJl]I 
jJl (1)15 5jj .|*JL*Jl C->Lj 15 ^2 jjl ya 4j-oJl ^3 20 OjIJjLj ^\jJL)\ <C-a 

jl^j>- v yi ^3 oLw>xJJ 5 _pLoj>- Ls^?IjJL2 LjI j -)-3 (1)^5 \j 2)1 jJii-oJl ^j-o-s t* 

bJl .Ja-^jJl jjl^>-1 j jjJI jlj t (Minoan) ^j^Jl 

^2 jj^I £~° *• *W2ji>cl^Jl 0 L 5 IjJL^I yo 0 j!3 ^3 .dJJ.5 jJ ^*J 

(1) j5\J J-3j . iLw^LoJl (1) J-JwoJl ( a-ygj j ^Lp j-wLoJI (JC—5>jJL2 ^jJI 

oLjliiJl ^Lp j5j-> Lo jj_p jjjJjjJl ^3 4_*JL^ oL^al5JL><Jl oUaUL^i^l 

.J5s5" ^Ip oL>Jl oJ? ^Ip 


0 J 1 A oJ5 j .152j52 <2 ->Jj>cj j5Jl jl<jl> 0 jJgj.ll IPCC ojjp j5) 

4 -^wvo (^jJi jo-^yi d)L ou-ij^^yi o\y . 5.2s oo>-ij *oij^ 

Jij .L-o-Lp 4>c-^>c-vg (0^1 ( j-ws^>- 1 ^3 ^r^l 4 '-^ 3 (l)Lwvo^fl 

^y\ yL~*>')J 1 Ja. -s >c-^J 1 ^j_3 j_>c-Jl ^Jg-^Ai ojl jJ>- <ks>-j5 ^\Ju jl (1)| 

5jLp ^j_ 3 (Toads) oL«j_>c_l_*Jlj ^oLjosJI lijj _*_>j Lpj_j 50 22 ^LtfjL>-l 


E. A. Hadly [et al.], «Genetic Response to Climate Change: Insights from Ancient DNA (914) 
and Phytochronology,» Public Library of Science Biology, vol. 2 (2004), pp. 1600-1609. 

C. D. Thomas [et al.], «Extinction Risk from Climate Change,» Nature, vol. 427 (2004), (915) 
pp. 145-148. 

T. Root [et al.], «Fingerprints of Global Warming on Wild Animals and Plants ,» Nature, (916) 
vol. 421 (2003), pp. 57-60. 

C. Parmersan and G. Yohe, «A Globally-Coherent Fingerprint of Climate Change Impacts (917) 
Across Natural Systems,» Nature, vol. 421 (2003), pp. 37-42. 

D. B. Botkin [et al.], «Forecasting the Effects of Global Warming on Biodiversity,» (918) 
BioScience, vol. 57 (2007), pp. 227-236. 
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LAjI IjJli jl j~i- . (919) IS4~q_J<JI (Montverde) y> 

d^LLp ^J-P J:?Ia>cJ| ^3 ^jl <\J 4_*^2 j2j>s_L^JI JjJ^ljwoJl ^3 ^>-^1 ^j. 

(jLwsO^/1 ^y ySsJl jl I j££'\j C J^Ll>cJl ^JwALsxj ^2> Jij y*^Jl 

^ A9j j-*-* oJ-fc {jA 21 (1)1 j%-P jjl .<j^I^ LS^ 

a\jja JJ 33 <uLi ^jj>Jl*JI) Lg_ua Jj>-\ j ^j£^p jJLs <.(£ j_>-l 

J>j&\ j\j^i\ Jl (_£3i Ji iaii £yJl lJi-fc jlJuii jlS'j .L2> 

y-4 ajl<>JI ^3 20 _J Lv^lwi^>e_j 2)1 (jLwvo^fl 4___^»vo 

.ajjXa <a>-j3 0.8 ojIjJL* ojly><Jl a^-jjJ ^LajjI ^0 LjLp t y^wo*p>- oUjL^JI 

( j^<>->• ^jLSJl L-t j ^-Ij-A ^-L>cj ^L>jJl Jl j->-1 Ays-lJ 

^Jjjy^a (_5^i 0^ cJ“^ I ^_l^ljwo*Jl y3 CL*Lp L~*> ^_JL_P cIjLpL^a* 

^-v^lj'yi oLjLo y*« ajl^JI ^3 18 ^JL t 1992 ^Lp cJj_L>c_>j .^_-_ajJ 1 ^jj>t_L*Jl 
^Laj jl ^3 wL>ljJ ALa ^Jo ^- >s t L*LoJ ^\ y?*-'^ cJujl 1)1 J_*_> 4-yg-jj>cJwoJ 1 

3 Ij->ol oj>!j . L^jlj-^j 2r° ^oLLp 1)L«j_>- ^JLJLj j^*Jl o-LpIS 
.^yySsJl jl^>-^1 L^mJ (J^J c (*U^>1jAj! y* ^1 j^-^l 

^3yo-> (JLo-*JL^iL> 4j^-J l ol^>tJl ^ j*j\Z <1j\jjJlAj 1)| 

^-jLuJl ^-^- , ^3y^jJl UaJJ-^-S .J_^>- (Jli-a 1PCC ‘L^Lp C^_33 Ls<£? (^AJLS" 

^ jS >-1 oL-^1j3 ^3 1 J_& jjilyXjj . 4_j^Jl oLw>c_U O-j Jj>cJ 1 jyj 1 4LA31 

c OSl c L^J iwi M l^l , (924X923X922)^! j^, ^ ^ L J ) ^ ^ 


J. A. Pounds and S. H. Schneider, Present and Future Consequences of Global Warming for (919) 
Highland Tropical Forests Exosystems: The Case of Costa Rica, U. S. Global Change Research Program 
Seminar, Washington, 29 September 1999. 

R. O. Lawton [et al.], «Climate Impact of Tropical Lowland Deforestation on Nearby (920) 
Mountain Cloud Forests,» Science, vol. 294 (2001), pp. 584-587. 

C. M. Beale, J. J. Lennon and A. Gimona, «Opening the Climate Envelope Reveals no (921) 
Macroscale Associations with Climate in European Birds,» Proceedings of the National Academy of 
Sciences, vol. 105(2008), pp. 14908-14912. 

R. G. Pearson and T. E. Dawson, «Predicting the Impacts of Climate Change on the (922) 
Distribution of Species: Are Bioclimate Envelope Models Useful?,» Global Ecology and Biogeography, 
vol. 12(2003), pp. 361-371. 

W. Thuiller, «Patterns of Uncertainties of Species’ Range Shifts under Climate Change,» (923) 

Global Change and Biology, vol. 12 (2006), pp. 2020-2027. 

A. Hampe, «Bioclimate Envelope Models: What they Detect and What They Hide,» Global (924) 
Ecology and Biogeography, vol. 13 (2004), pp. 469-476. 
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A>)t jJl Aj>-_C<ijJl ^3 ^JJLlJl ^jja ^_P^J| S'j 


QjjJloJ ^S2<*j 'yj c ^~_S" 1^3 f-Ua_>-'yi (j! Lo-S" .AjL^jJl CjIL^- yg-AoJ 

^JL>I iil-LA (j jiL^. Aj! l ^ ^>3 j gOlojJl LXjjJ- 2»- ~i_9 j .A^i_P wLoJL*_j I j_) w\JL) 

^-A ^g| jJL)')! I ^j-P d->L*_9 ^JlII oJ-A (jl ^^P C Ojl^_>cJl Aj>-j,3 CJ-*-Aj jl tal ^-plo^- 

(Oracle ol 5"jjl ljjl2U <1)1 j . a^?L« c.->ljl^)c>-l °^lj ^-3*)l^>c-> 

^iS"! IwLoLs jjiLw- at Delphi) 


I ciiij ^JJLa t 1-ygj 1 4 _LLv2^s j-Aj^I ^j-P (_£j^*-! A^jLlglp o!-Lw<>j>cj C-olS” 

^j-p ^-*io Lo o)j . IPCC Lf^p d-owi->tJ 1 c ^3 <,_ JL*jJL> j^L*jo 

j^_>cJi v _ juiii © j->t-A ^0 j, t ^gi^jL^yi ^jgL^o ^y i^jixiji 

tf L^JajaJl t,_Jl*jJl 0 ->o Jcij .Ls^Ij^jj IS"cjLo-JO ^3 ^L^Jl <wJgja.Il <._JL*J 

JJ-V2_*Jl jljJL>- Ij JUjJI jl^Sfl ^j-Jl^JI j-wjLa j-v2_*Jl jl 

j ^2L*Jl (1) jJi]\ ^3 jl^C>“1 <J1 *C*-2LwwoJ I <bls JULj • Ja~J' 

IjLL*_ 1>3 J J—J C A_ol ^_^>cJl 1 0 jJ>c_A C-gLww*>! ^3 J-W_S" .JljwAj . L^-ygj jJjjl 

. jl~o)/l iL^-wvO ^JJl j5\Jl jl ( ^y0 ^Ju <L^«iljw<>Jl jl wLw^Jh 


C wvw^ o . ^ .0 L»*»vO'y I l»o^S" 1^)1 i 

^J-sLJl oUI_^>J!j c^IjLjJI a^ 3 'y ^ j^j cJ*^S>- 

OJ15 c 0 jjgj>.l 1 0 j-A ^jwAlgx^Jj .Sjl ^>cjl ^3 

^-A_p ^.a_>3 ^_hp 0 j-^S d«j|^JL ^-a 

(Fremont ^Jw^jjIj ^3 c-oj-o->ji J-L>o ( Jj>t-^o t^JlLoJl ( Jw^-w*> .oUI^_>cJlj 

\ jl_^ p-I jlj . (926) 1850 Jl 1840 i-x J-L-l \ jl^^1 Glacier in Wyoming) 

Al_*_i jj Lo->J l)LS" cjLajJl ( 4^s J-4.P ( /^>3 ^ 3 ! ^3 ( J^v 2 J>- 

N AjI ^-^P' t 4_^^wvo j-SvJl jl 0 ^-3a_>cJl A^j>c-<L^J| g-^L>jJl 

.0-3jJI ^3 IS" j*a\ (jLo-Ji ^3 jJ2j\ {Jj^2j>- ^_^lp 


P. Hertsteinsson and D. W. Macdonald, «Interspecific Competition and the Geographic (925) 
Distribution of Red and Arctic Foxes,» Vulpes Vulpes and Alopex Lagopus. Oikos, vol. 64 (1992), pp. 505- 
515. 

P. F. Schuster [et al.], «Chronological Refinement of an Ice Core Record at Upper (926) 
Fremont Glacier in South Central North America,» Journal of Geophysical Research, vol. 105 (2000), 
pp. 4657-4666. 
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500 J L>*)L>cJl oUl j*j>d\j oLjLjJI C—j»Ip JaJ 

A-JLslX^Jl llx-J l.ijj .^JuS'yi ^J-P L-*^wOj LJ>-ljw« I j^xj ^jj j_2L*_; <2j*jA J_aJj C pLp cl) j-*1a 

^J_p L*)L>cJl cjLjIS" iib_A cj^^j ^jJ-3 <. ^a JaJwoJi L^_>-Lcjc*aI j~° < u_a 1 ?L*JI 

LfJLJl5 o_L*_^j c oL_>cJl J_i 4 _a_>LwJI oljl c^JLSUj I 

iil-LA ^j_^_> bl<J (Jlj)-**Jl^ .3j_>“l j«0-9 ^jg-^ ^/gj'yi ^5” J C A_*/2 j_AL4 

^Llj^ j t(Eemian Interglacial) ^Lw*jNI ^jJl>JI ^ U j^ 2 j*JI ^ U J>\yi Jl 

j}\ j j_v2_*Jl jlj)c>-lj c A-oJJa-^JI j j-v2_*Jl jl c ^jIa j J\ jl 1 jl c yx,</?')} I 

(_£jJl j_A o Ag-j yjj^Lx Jl cl)jJlJl jtr^' Oj^J bLoJ ? ^-iJlgJl j^2_*Jl jl 

^li^l L^5 ^J>cJl (1)15" AAjLw*> ALsjI ^3 ^g|cJ LoJv^j C Lv^l jAjI ^cJC-n^q 

Loj5 IjII d)b JbJLj c ajlU ^-Lo-I caL>LjJ I d)| A^^L^'yi a^L^IloJ! cJ^-aj 

toULJl ^g jJi)J L<jJ_Lp ^Jj j->jL)wwwJl cJ^-Aj j .^j/?l j-Aj^I J- >t - > L^_*_9J-^*i L*_> 

djljljJLg»-l ^3 jj di_b 0^ J .Lyg-j 1 A_*/g jJL^a Aj^-LL-*J l djlJl^-,_>cJl ^_-_v2JLwv^3 
^jJl ^A?l(J^ jSLaj ^jj| £^jA j (jl jldJ^/l ^jaIjJ^-*)/ *«—-J>c^9 t AAjLw^ 

Owo-Lslj Eo— jcJI >w-lg.A-l 1 ^3 oULJl (1)1 Jaj>-jJ Ia d)|j .jljjig-'yi 

iw3jjJg—l I3 jJ_>c_A jl LLjLj cl)j-^-> (1)1 JwLLj L^_*_JJjJ C A_vgjl-AJl j-lgJl 

J^U ijSflj ^kiil OL-LJI ^ \jJS jl j . (930) (929)(928)(927)^ b 

i'Afc-s^’Lj 0 jgft-J' O j-oJ LaJ_L*_ 3 C g- j o/g ! 1 iU>c_vgL)Jl jUft-Ji'yi Jw2J>J J C A-JLp OjIjJ>“ 

jJaA.ilj Aj^jiVl ^illiL c ll3 j *uL>-^J| oJ-& .Laj-^^-> cJ^-o Ia l)Lp j^» 

.Ojg-L^oJl oUUii a£»»JI ^Uaj iJjj>c^l] C3jJl oljlj-.g-cJlj 

c ji^^ > “'^l cijLijI ^3 oL,j>eJJ ljL>tAj| iiljwA cl)I La>-^-^> cJl (Lr^ 

_ 542 3La>JJ j-w^-5sJ|)) jL^-aj^I -Li j .L^_>j_*^ L)j_5Ljj ^jjjJl 3l3j_»j 


C. Loehle, «Height Growth Rate Trade Offs Determine Northern and Southern Range (927) 
Limits for Trees,» Journal of Biogeography, vol. 25 (1998), pp. 735-742. 

Y. Gauslaa, «Heat Resistance and Energy Budget in Different Scandinavian Plants,» (928) 
Holarctic Ecology, vol. 7 (1984), pp. 1-78. 

J. Levitt, Responses of Plants to Environmental Stresses (New York: Academic Press, 1980), (929) 
vol. 1. 

L. Kappen, «Ecological Significance of Response to High Temperature,» in: Physiological (930) 

Plant Ecology. I. Response to the Physical Environment, edited by O. L. Lange [et al.] (New York: 
Springer-Verlag, 1981). 
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jj>cJl CO 2 -Jl 2) IS” LsJJ-P J-*_i Ls AXsIjJl OsjVl ^3 (j»Ip (1)520 

d^Lp^J-J CoJ>- l*i” ^Jl *L«J-P L^3 V I ^i_P ®J wLj^J 

o^^j>- ^1 j_}VL> 4 _lJl<JI oL>L*Jl cools' j .^-s^L<>Jl ^3 4^owJg_p ^ jJ>-l 

oLuLS" Cb—o_) Cb^s-^ C ^-5” VI 0 J_>eJLoJl oLN jJl j_P ^.3 4_j j- 2> jjJ I ^LLajS I 

. AP jJw« oU L^ljjlj 4_IaJjl>t^ jjjJw^ 5 Ol jJ>t-J> ^A 


^_j jLj ^J^&Lp-cJo JaJL& Lv^l ^J2 jI ^cJG-j 2)1 ^ j ^_S\J 


I jljL *Ip^I 
.Uu ^IaI>&j <^s jSCJi 


^jS J ( /^s I^Jl>J oJjI^LoJI Ojl jj>cJ\ oL>“j3 2)1 AXj CjIJL^jj ^3 J^3j 

*Cw^ j I ^3 oj> jJ j .oil! j-ocJlj oULJl j-oj ^-L^3 ^LsJl (J *^\_>- 


(933 ) .l^i 


pLiJ;^! aJLp oLLp oJwLjl^a>I 2)1 


-Ml 


2r" 


tLw^L^ 


^J.■>./?,>C_3 4-vfljL>cJwd ObL*j ’ 

t dDS ^Jl 4iL2>l .^i>-l jl^>-1 t-liJ.5 ^Jjboj c £-L^>-Ml oj_& ^3 ^5*1 

oLj>cJI 2)c ^^_>cJl CO 2 —U ^J-pl I ^3 ^3l3 2)1-5” 

^0-v£? ^Jwyg-31 1 J-G-> ^-ojJl ^jA OULJl wL>l^LoJl CO 2 —ll 2)M C ^j-yfl-3 1 4-0 LjJ 1 

olJlj-^>cJl M2S" 2)lj .^JlpI oL>-j 3 2> 4_v^l->c_>j c L^J-S” ojlj_>Jl oL>-j3 

Ojlj^>xJl 3 jJj>c_i £^-J5jMlj ^2*^*Jl jJai>- (_5^ -SjJl ^j^»lj-£-> oULjJlj 


jj Ijo jJl3 C CO 2 — Jl *w^-P l ■v2 ? . > 1^1^ . 


(938)(937)(936)(935)(934) 
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.4_>38 AlSsJj (. AjjXa ol>ji 0 jJlS' ^Owv^> oUUl 


c ^x>JLp ^J-^3 t aoLjJI oLodJ 4^pljJa-yg^[i jL^I d^L^LJj oio 

JaiLJ ^ iLiS oLjJ 4jU>=^I aL*JI Js 6 3tajl oLJl j\ 1999j 1982 ^\s> 
0LS" ^Jl j-sJcJl ^^SsJj tojl jj >cJl 4 j>-j 3 ^_3 jJwJ-5 ^LaJjlj jLia^'yi 
^LL>jl 2)^5\_> cC0 2 —3 ^yS>x^a c-fl-pLyg-j .*}b*l3 wL>I^JLoJl C0 2 —4 

^3 80 50 a^jJI 2)LoJwo c a_LoJl ^3 50 30 ^jLJLp^J ^ 3 l ygjI 

1895 ^_J^/l (JLj>- ^3 oLJl ^3 j->\ 3 J-P ^Jj aXx>JI 

2)| c 1920 j_La 4j jjj* Jl^>Jl ^ 0-9 Sjlj->- oL>-j 3 dol^jlj .I3 _a 

^~o_9 £-"*-> ^ 1 .Aw^boJl ^Lp -v2J>- I3-& A>-j3 1.2 

aXoJI ^s59 ^^J-p bg_La 11 C-J-S/2 s>-j c oLjLSJI ^3jj! 3J-p ^3 I 
.^3a_uJI ^_3 143 4_^v^-_) ^Lojl L^_l^3 3wLj>-Ij ^_3 2)15j c j2lS 3 ^4j-j'yi 
. ^jj 15.57 cJj»*- 4 0.68 4^sJu ^3 jjVI <l)lJJi3 J 2 -^^>s 30 Jl |*~oj2JI cjj-^J^Ij 

LS"jJ>s J j^j ALSO t Lv^ljJLl Cl3lXjLSbJl ^ J 


!j_>c_Jl ^_P 0 J_j wL_P ^ j-^~\ ‘*--4_*-4 .lil—L-kj • 


j 

(946) „ 




jjlj-jjl 


(945) , t , (944) 

jj > ; * >h <• 
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E. Pollard, D. Moss and T. J. Yates, «Population Trends of Common British Butterflies at (944) 
Monitored Sites,» Journal of Applied Ecology, vol. 32 (1995), pp. 9-16. 

N. K. Jackson, «Pioneering and Natural Expansion of Breeding Distributions of Western (945) 

North American Birds,» Studies in Avian Biology, vol. 15 (1994), pp. 27-44. 

A. J.Southward, «Seventy Years’ Observation of Changes in Distribution and Abundance (946) 
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La^jLt IpliJjl JaJ c ^' 949 ' ) dLo-wJlj c VV48AV4/; <j^>tJl ^LjajVlj 

.Lo-IsLjj l^J o y>*Jbj <. ^-jJjJl ^ oLj l.~-~ u Ojl^>Jl 

SL^>J| ^_1_3Loj . ^^51^ Lx_o ^j5jVI c_^_S"j_S" 1)1 oUi^*>L<*Jl oj_& iy-^ 

^jUj ojljj>cJl 4 j>-j.5 £_AjJ“* La J_LP ^5jJl oL*>eJl ^-LsLu^aj jl 

.d)L*uVl ^1 ol jJ*zS\ C-olS"l Lo-^-a Jj .^LJ^ ^>^1 d)^jj5Ul JL^-i'l 

.*L^Vl jJLo (1)1 d)jJ-> 4^pU-yaJl (J^ La £ '^ >s jl (_5^ ^Jg-PI Ol j^XJ C—Lv^>-J I-L& 

I L-& t LJj>c-a Lv^l^JLl (jL>s-a ^ C-*~L>s-^a jJ 4 _Ls/2jLs oUj3> (1)j5j aSj 

d)l y *- 3 ^I ^Lg-> -L* LoJwo t £^lj_> Vl JiG 1)1 JJLs j_a j-^jV Ls <. 

Lg_>l ^^JlJI ^1 y 3 VI ^ya-g-jj jJ>- 1 4_A-]g_L>3 ^Jl jj>-l_A oLLjLSsJI Lp 

..5^JL*Jl j^a .i^LP J_*_> ^jj>-l ‘LfiiaLa ^3 djJcyj l oJ-?>-lj ^miaLa ^3 0-5 5 Jaj I 
AjI^JLoJI (_£^_>cJl CO 2 ll^ oJul^uJl ojlj_>cJl CL>L>-j. 5 d)| (J^JLlI d)| 

^Jc>-I jJ ^s>~j .oUJ le-l L_p .j-wJ CO 2 -Jl (1)} (JjJsJI ^JjLa oUJ ^j^?l^r^l Lo»^_La 
0 Aj>- l>sj jg_*IJ ^jJ oUUl oU ^r^Jl CO 2 -Jl -bl^j (w.5j5Jl 

^/2JLo-j <_3.(21J.5 c_3^\J>- ^J_P (1)1 ^ju> l Lw5ji” ^j-a .5 jj\ (JjJ^LLa ^Jj 

Ll^>-jJ I5j .5Jl oIjLjJI jlS\ CO 2 —ll i j-A lwL>j^j 0 j-wi_v2Jl oLjLjJI 

A^jwLflJl ^<>jJl djLLp d)l wL> t oLJl I)^5 (J^gJ ^ApI- 5 L>t>slj 


(948X947)- 


IJb 






4_jL p (1)15 Lo iJC5^“ J ^ ‘^-’1 j*J>cS> 

.4>c-v^ljJl jl>c-J^Vl ^ll ^U-wvJ CO2 -I I ( j- a 


J^a^“ lij 4»J»^>Jl Jww^L>c-<dJ 


^JJl L> 


^ j5 jl 

wLaJj . L^J 4Ja^w%o 4 jjj>-I Jj>-V j oULj ijLwA c ^jlgJl ^3 JL>J| 

CO 2 —l! j-^J- 3 (_5~^ < ww>c—Jl ^ ^_^5-P C-*->cJLjI 
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Simon Collins, «Antarctic Fish Set to Survive Warmer Seas,» New Zealand Herald (16 April (949) 

2004). 
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300 _> oLjJl jJ-joj / ^ ^ j-U-Jl y* (s^ ^ JJj ^-w?L><^Jl 

^ 20) C 4 oUj c(i^Jl 49) C 3 oL> j^J ( 5 j->Jl C0 2 Jl Js ppmv 
jjJj>cJ|j c (aJJxJI ^3 44) oUyLJl t (a)J<J 1 ^3 24) ^.JaJlj <51yJlj c (aJj<J 1 
C0 2 Jl 2)1 j5"Jjo 2)1 o>oj .(d-Jl ^3 37) jLv2j>cJ1j <. (aXoJI ^3 48) olljwUlj 

2)Jj t _5^' Cl^LjJl 0 L 0 J ^wJg-P Jj2j>c^j j_Aj C 12 j-L* ^~Jj t CjJJJ <42_P 

(_J^ .^^i-p sLw>*cJl> i^j! jUaji ^%wJ y>Ji co 2 Ji ^3 s^Ljj 

. JlJl* 


t y^Jl y&>x-) C0 2 Jl 2r^ ^J 2 p t ^-wv2 ^^>0 e ^ Jl 4jj*3_dl 2)1 ^-p^J-p 

o-Lg-S” 4^-5 sj>c_^J1 ajl^JI *. 3 ^-*Jl jJ- (1)yjJJl wLwwv^5"1 ^jLl> J y^Jl J 2)1 ^-^p 

Jl-LA Jly ^ ci^L>C_) ^ 1 (JjJj>- 3 jJLp *-PjJl ^_ji-*3 .42_Ll>C-4 4-yfl.j ^i2-*_> 

d^lj-^*jJl^ c e-1y^Jl dj^_L i ^3 Lo-^-^'y (^ J C0 2 Jl y I - 1 J>-> di-Jo 

>Ld-p y /1 j ^y?i ^'y 2 aj j^^y 1 jwA_*-«j c <Lu j-*-ji 4 j-L kJi j c 2 j jj? jJi ^3 a>sj*!)JJi 

. 0 J LygJ 1 

C d*_j2_>^oJl ojly>Jl d3d>-j3 2)1 ^_Jp JJ-j ^y y5 jl^_1 j>- 1 ^3Jo —j JLl-A 
^Lp J^_L>c-j L>c-<J 1 ^Ijj4 ^jJu3j>- ^_Lp 2)*dJ>-^-j 4_ya_d>cj^Jl <L>^Jl 2 j 

j-JoL-<Jl ^2LU1 0-^*J j^XJ 3 j-^c- 43 jjJl ^-A O-Lg-S" olijLJs ^ySJj c2050 

^LLj jJ>J| f-lj-fJl Jyj t—3jU>c_> 2)1 j-^ • Cl^ -1 J y 3 ^JJl 

jj*~l £-Aj yJl 2) yj&\ ^yU 2)1 CJJwO 0 ‘Jl-’LpU 23 ^3 2)y^SJl -L^wvdl 

A^-iLdw^ ^jL>cJ ^b2l ( y» djJl ^3 50 _> ( J^1 2)U yj^Jl 1 j-a .^Lo^/1 

. A^j>-\j >-j d->yo ^3 d-oy>-l 

I 3 L 3 .^j^JLUlj ^LuJl j^XJ ( yjJl JtAi^ C ^Jwws^L>C-<J 1 <— aJjj>o 

4 l^p1jj ^y?ljl (^-^vdJLj 4_p1j^JJ 4j>JLyaJl ^jVl 2)1j^3 J-Lo c I 33 I ^LwJl 


D. Eamus, «Responses of Field Grown Trees to CO 2 Enrichment,» Commonwealth Forestry (951) 
Review, vol. 75 (1996), pp. 39-47. 
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^-Lu>Jl ^_ $jJb < _3 j^a. u 


•c^' is^iai^ y>-L> 

C ._ - »~^ J ^-LsL diljwA (J^kL J .^^Jl j! I (J*)L>- ykLtoJl 

,jLj<^J| c_9j^iaJ Lx^- 3 JjA>cJI L>c^>J I L^jj 

jl X?~]j ji.^< ^ (Stern Review) j^-ij j j ~~^ ^\r~^ t i_LL1JlJ U*>G- 

Jy i y J-^j > — .., -?l j 




j_jI V® ^5\Jj «. J-w^S”! ^jLL Ls^a-L* \~--/oiu i ^y£>jttjLi N l^_i! 

iJxli)\ ^^Jl o j kj i ^LSi Sjl^-Ij 4^lji (_g!ijJl Ijui ^Ly jjj / ^k-clJI 


O jkL Jjs jLkJl Ij_^j L.»/?>tJ*) db cJlij t^JJL>iJl ckjjii J^yi ^ilL 

(_gil . (Growth Chambers) j_*_Jl <JzjJ- ^ <c_p J^J C= a ./> i ^1 yJu 

k ’.. 1 (j ^jiLsw? LJ j^jJ) jjjjkLl JL™5I ^II J j .,/?>- ^jI 


(958) 




2)j-J-a 550 _ 250 ! 4 j1 ^2>_?^*J| 


^3 lg_>Jj>cJLwvOj 1 Jw^>- L^LoJL&I ^Ul L^j c 4_>|jj>- A^wJgJil 1 <Luw\Jl (1)} 

jjj *)I j5 IS"ji” ^3 Ja_43 1 4 ^ 3 !j»v2^-U LA^>- .jIS^Lp! 

JbSj\J L-Jg.3 lo 2)1 .4j>-jw\Jl oj_^J 4 j12j>- O-^wJ Lgjj C4jLJi>cJl j .^JJ 

.gSldl 

t jJLJI .tLJLJl L2>l^JDl 4 j>-|jJ iL^JaJiJl <LojJl jl oIs-Lp^I 

oUl*^ 4 j>cJu 4JLL*_oJL> \j^ Jj>- 2!o ^jwc>t)o 2)1 Ijj^SCoj c L^~Jg.p L^liI^Lp 1 jAS 

Vj L^J! ^1 lil ^iUJl ^iVl 1^15 ‘y 1 ^ 1 

^oj ji J^i\ ^Jgjili ^>jJi iJJ .c_^s”Ll*J1j ^pii^ij 

jIjJLp-^Ij l ^ Ja ^jJl jj_v2_3«Jl jljJL^-l Jt)Aj>- ^L-P <_->jJLi c ciUS 

doLs" L«j-Lp t4_4 _>l»^ji oiji^^-'yi ^yo ^j_pj jjwwoJi ji^-i^'yij c^jL &j jJi 
L . 4^Ja_aJl 4_ojJl y>*^j twJL-L>Jl jJ 1 ^}j j-^1 (jy 5 ^4>cJl <^>-j^ 

.jj£^~js ^S"L- ^j5" ^3 Jl>-lj 2)2 Ss^J ^3 4jLvaJ^ CUv^l 


Stem Review , pp. 67-68, Box 3.4 (p. 70) and Fig.3.6 (p. 73), The Numbers Used in the A2 (955) 
scenario, Used by the Stem Review as the Base Case, are also far Higher than in any other scenario. 
Stem Review, p. 72, footnote 43. (956) 

S. P. Long [et al.], «Food for Thought: Lower than Expected Crop Yield Stimulation with (957) 
Rising CO 2 Concentrations,» Science, vol. 312 (2006), pp. 1918-1921. 

Stem Review, p. 72. (958) 
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A^ojJl jli (. ^Ja-Jl __>w\JI Jj| y (1)1 ^_pj ^y 

(An Inconvenient Truth) AjLJb^)) j j5 Jl JJ ^^pSIj yC^ A-JaJl 


t AjI 


A_JaJL)l <LojJl C-> yS^> C (_£ y>x-*}\ XJl>J| y> JJ oJo5 1)^1 Jj>-JJ 

cJcls j UL>- jJ jJj>- d)l . jJ->JI j_>cj 1)1 cJjL>cJ 

j_>cJl jJb*- 1)15 AjllaJwa ^3 ‘L w Jg_e <L_0 A_*_>j| aJLowJo A^Ja3 AjLv£?Lp aJL*J| 

l)I JlP jj_P Jl JJ jJ jJ ^J-Jl e,Jj* 


jjJj , (959) l^ 


Ojl ^->Jl J 3 oU3J>cJi dJ J ^ Jg| J . A wW J?_J I A_ojJl JjLAj i y jJJl jl yj>- S )J \ 

y c-fl-wJl ojlA j>-j.S Ja-^ijJL* ^3 Lys23Ljj 5^ol JJ*>J^3 aJj>-JJ| 

LwJ I dJj-> 1)1 ^Jwwkl jJ^S' ^3 jJj>- ^c_j U/5 

jLjLJ 1)1 j)\ aJj>-LJ| oUaj>c^Jl d^_Lo c dU a_s JJ . 1987 ^Lp ^3 

125 Jl JLp 80 ^Jl 60 oljJLs 0Jw2o I j^xJ ajlsL1SJ j_>cJI jJj>- 

.<w>Ul JLp 


^J oL-yj (Baffin Island) S j-t}-^ y JlJl>JI ^_J j-fJI dJJJ 
JJi t Ijl^J dJS 1)15 jJ aJI (Chukchi Sea) j_dJ yy y y>Jl 
. JUJI jl^Nl « l*JL jlJG ^Jl c^pLvJI SjjJI JJ <Zj I y 0 wLp <2j J^j>~ 
3jJL*J ^jj oUdl 1977 — 1976 ^Lp I l y J* tJj->cJ aJJ_) c^J J_Jj 
ojl y*)\ ol >y jl1 Jja ^LpI Jj .^jjjJodl 1) y]\ 1, a*/9~\a y 
^ J^slj JJjJJl J..s)I y\j* cJlij . yj j_*^*Jl 1)j_J! JlJ _j f y aJ_p Co5 J 
^3 Lj^U (^5 ^J-5J-.JI ^->^1 1)1 jJwO^ ! <2j Ug-.w>c-^JI 

. ® J-*J I (wJ.tfJ I j^eJ jJj>- OI J 

jl (USFWS) (960 ) 4j j JI "oL>Jl iojj-j LS^Vl JLwaJl Sjli cuj 

iaHt iojJl jlj t jjUJl J LpUa3 20 J 22000 iSb_* 

c 1 _a^I-LpI ^./? 3bjo c ^I ^j-<3 4.^.0,!I ^^3 16.4 ^1 

c jJUJJ 4 a la; j JJL« t f-\ j-^Jl ojl oL>-j 3 1^.3 c. -a <3>jl 

S. C. Amstrup, T. L. McDonald and G. M. Durner, «Using Satellite Radio-Telemetry (959) 

Data to Delineate and Manage Wildlife Populations,» Wildlife Society Bulletin , vol. 32 (2004), 
pp. 661.679. 

U. S. Fisheries and Wildlife Serive, Report 6 th April 2006. (960) 
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3-L*Jl <£oJl ^3 13.6 ^Jl y>- O^SizZ (jLp J-oJ>c-4 J-oJj 

jS>C-)J £_J ^yA <—> jJL]L> C *\ J_gjl 3 jl y>- Ol> j3 Lg-^3 0-*-&J jl ^3 

4j»x>Jl ^3 45.4 ^Jlj^»- i^Ul 3j_JL*Jl J^L*Jo La Lai .^JLxS"j_2kJ 

OJ^-J Jjj .Jijj*.* j~s- ^yLJl £-j>j L _^rij iljj£^~° ^ aJjJl 

JjI y> jl (US National Biological Service) US^ojll idajJl U^-jJj^Jl U>JiJl 

^_3 d)l^ Lyg_^_i d)l t Lj>-jwL] LSv-^i^lj 1J-LS" j_p ^_3 ^^Jg->aJl <_^>wLJ1 

4^ L^O lj Jb»«WM«4 


(961)- 


d)j cJjJLll j-p-C *— ( Jl^ 1_3 t*iDLwk ^^J-p ^-Lo cI aSLaj 

(. ^J^wJl ^-3^1 4^JaiJ| 4*jjJl CU-L*Lp J-43 .^j^ljAa'yi ^il [ 4 JLjb ^ A^laiil 4_ojJl 


oJ_A ^jL*_jj .-L^>- ^3 Laj-o-P LgJlp0}j <• l-33lj $j-> 1 Olj_3 (J>L>- 


olwL>J-^ jJIj l L^-l^ 1ju>-1 j j_SDl jl ( /^_5sJj <. 3 jZS oI-G-l^j <Lo jJ 1 

• („) J 3 lw2.11 J (_) j»J^ 1 jb J j*. i>*J 1 J C (_) 1 1 j^*s»J 1 ^ 4—1 

Sjlj_>cJl CjL>-j3 (1)1 Ole-lpoL) 4 _jj jJL* j-JLJl *Lg-jLJL>a oljl jj>- ^h-xZ 

^L*-3 c aLJj>cJ1 o Ui^*-*>L>J 1 j ^jjLJJ I ju*j .olS"*)LgJl (J ^Lp*)/! 

t. JJ& ^3 3j-^Vl LjLp jJl olSM^Jl (JJ_*^3 <• (JL^I 

Sjl^>cJl oL>- j-a ciU^ Lo-S" J_>l^La O^Jl ^3jp 3j-Jl (1)1 LjUI 

jl ^j-^Jl ^jl-^5" 1 J-jLS" Sjlj^>cJl 1 jJLp ^j_>jJl ciijJjl (1)1 j ^oJl 

ap jj^j Sjl^>cJl a>j3 ol j^xZ d)j^>-^1 ^J-3 Ij ^ ^ y* 


SiJuil ^1 yviJ J^JI jl^1 

L>jt)L>-U jj-^ 3 ^JL>cJl ^1 jld)| (Jj-Aj cjL*-3 jj iiLwA 

OJwO / ^\Sj~a\ L> jjjl ^j}\ L^JLilllj 4-Jl jJL^-'yi 1 J^a'yi yA LA^pj 

^_3 djl j_-_^jl11 d)L^ws^>c_]Lj j_>-Lj ^ 4_w^_L_p oUj3 ^_Lp LL 1 d)l o3—& 


Amstrup, McDonald and Durner, «Using Satellite Radio-Telemetry Data to Delineate and (961) 
Manage Wildlife Populations)). 

G. Laschewski and G. Jendritzky, «Effects of the Thermal Environment on Human (962) 
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. (964) ^UI ejjki Jl jljJLJl UK UilJl oL. J JbljJlj j)y&J\ 

jJ L>j>bJl oj_SJ ^ A,* 3100 3 ^JJl ^JJ>-3 

oU>-ljwJlj o3jUl oli^LJl ^3 y* Ijj>CJI <1)1 ^Jjj-*-Jlj • L-L>-p 

L>j*)bJl .3^-fi_P *A_La 0j_9 yZA L>j*)bJl ^^i-P djb-Ulj l)|^ C J*U>- ^^_Lp ‘U-JwJl 
ULSOa cJj^-l cJ-1p ^ (, C5^^ S y* U^J J-^ J~* 

^obJl yZj J . ^jjwoJl j^Zj 1$j ^JLwoJl OjJj>c^J| Cj I ^5 IjjLj 


(-M 


(967X966) 


(968). 


LjMJJ j ^ j > z ]\ iLijI 


,Li^Vl 


A*^l j 


*Lw?Ij J I 


0 J 1 <U-v2Jl]l OwU>ClJ| 3 j_£>Jl 


^jJuJl Lj*>LJIj c(Ague) *bjJl *|Ju l J*J\ cLj*>LJl cuJLS” 

^Lp 1000 Jl J*>U>- JjjjI 1jLj->- iij(Quartan) 4 ^-j^JI jl (Tertian) 

^jA ‘Lujjj')} I OblX^Jl cje-^i L jJl J J_v2_*_)l jl ^1^1 0 .A^s^Ljl 

^Xjb .Ijj*dJJL> UJ4-<J-wvwJl Lob^J I 

LoJ t Lj*>LJI ^j^Ij-pI (1321 _ 1265) (The Inferno) ^ (Dante) 

jSXu .(The Nun s Tale) ^LaIjJI <Ll5b>- (Geoffrey Chaucer) j*» ytZ (S yyr 
ol*_£dJLwvw4 O-J Jj .oLu>-^ jLoJ ^y *bjJl (1616 _ 1564) ^ Jw ^»LJj 

^ ^ -Q l. a ,/?.-<>31 l^, j o 1 A»o 3^ L ^^r*»*^P y 3 b»»J1 I ^ ^ 3 t Q ) 

UjClj Uj*>UJl jl . (969) y-z ^LJl j^l IJKL* O-K^J i^lj^L, 

j-^-yJl ^jJu>Jl j_v2_*Jl ^3 IjJ->o) ^3 ‘L^pLoJL^-^/Ij A_oL>jJ|j jJ| 
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D. J. Rogers and S. E. Randolph, «The Global Spread of Malaria in a Future, Warmer (966) 
World,» Science, vol. 289 (2000), pp. 1763-1766. 
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Lj%Jl 


y ?oJbljJl (Brakish Water) J^Jl ©LwJL aLLcl* 
. ( 971 )((^. atroparvus) y .1 J?l>oj) 


aL>cJl j-$-> (J y^ 


£_>L*Jl o^JLlI lij j-*u* jlbj 

c-o! o L*_4 _ll^*wJ I j jL^j'yi oLyflja JjjJ jl b jJ 

ya *b jJl jl -tllJjl yb AS j .^L^jjj_> b j_*_v^ ^Jl IJa wL>I^J 

^Jl 4 _£jLJL<J 0 j3jJLoJl 4»JJl olJLJlj .CJL*_j2 JJL^JI ^P j-iJ? ^ y° jlbo 
^bl J>lJ^1?LJ| LjjJJl yL^ji jlSJ*i oUlo 

£_>L*J| j^Jl I jbj>J jJj^Lwvw^ jlS" L>j jjJl £-L>^ jl ^*-P^1-P 

^Juj-*Lwa> iwJ2-v2j l*Ab\_A C KOjL> ^jbo ^J 2_Jl (Jj-yg-3 jl 'yp) C j_JLp 

t Lj jLJl bLS” ^JJl ^^j-Jl t (1703 _ 1633) (Samuel Pepys) 

jj_p b^-ijj • 1666j 1665j 1661 ol ^_~JJ ojL>Jl j JJJl ll J j. yg 3 

bjj^p (Drought Malaris) JUJl LjjJ LjJJ .LjjUl jLiblj JJJ JUJl 
<L~s>- tol jjj 0 oL*-jjLw^a J y>c3j ii^Jlj jL^jVI iSy^^ 3 y 3 -^y. 
yi iS^lp JJLaj jl (Anopheline Mosquitos) LjjUl JJsJ 

^_sjJ| 1810j 1660 ( /j-woL*Jl ^_3 SjbJl JbJl aJl Jjwa 3 ^^3 

(Jj^ljJ ^3 As^~^^Jl 

j~ ^-4 ^ j.* 

S' ^3 Lj“>LJlj j_«Jl 

_ 1660) (Daniel Defoe) jij3 jLita j! ^Jbj ■jJ’-d' 1 (_£xJl>JI _ r ^aj<JI ajI^J 
jl5j 1690 ^Jl 1685 ^ I^lUSI ^^ JU y\ ^JlS jlS (1731 
o^2j (oajJ i_ 5j—i IjJl«j_L^S 70) ^3 oL*_ajju~^ ^ Lj“>UJl 

. ‘S jSjl ^s>~ ^Jl 


y L-S_^;l j t (Bradwell-juxta-Mare) L 

uLw^ll ojlC jL>-j 3 J-o 4jjl_P CJlb 

jj>o jjLS' ^-v»LJl jI c.4.vaJLLfl ^3 c l^gpl 


(972) 


(973) 


.1 jJlL>oJ ^3 ^aJl^JI j_v2_*Jl ^3 L>jjboJl ^ 


M. J. Dobson, «Malaria in England: A Geographical and Historical Perspective,» (971) 
Parasitologia, vol. 36 (1994), pp. 35-60. 
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jl ^jbLo-Jj 


(975) 


(57 20N) (Inverness) 


LwO^^j ^x, * I ^ 1 1 ^ l*C^L»-3^ —Lj ^ i«.w 11 


(977) 


A^S” 1 6 i-X^t**o»J 1 


(979) 


->L'yjji 


(976) 


zj>- Ljt)boJl 

^3 A-JLowJcJl ^jj->cJl (1)jbj 

^JLo-bJl (^JajjJl oyb <-JjJi }L 
/j^ o-j (Isotherm) jjL>c_> Jbtj <LLL*jl 4 lJ_b <4^>-l 

cJ»Lyg-j c ^JLp ^v»>bJl (1)^JLl 1 d->LjwoL<>^ .L4 j>-j.5 15 aJ jl^.Lo 
AvoJl*Jl <-Jy>x^\ J-*_> oj-w23 o^3 £-LbLw*>L L^wvo oj.iL Lj*)b>Jl CU^e-w^lj L&jLblol 
jJj .^b-./2-l 1 ^wL-b>cJl Jl LL^j ^3 jljd^-'yi <J*}b>- £3>-ljbl .JjVI 

( Jw-ws^ L>tw« J C 4_£bbv_)l oLwoJl bjLy2->3 J ^j^j^l ^vbv^b j_*_J 1 ( Jj^j^aJ-jlJ 

(1)1 c^Ll j-^>Jl j-bl ^IwLp^y ^o_w*/ ^bJl ob-Ul 4->jjL2bl jjwL>bl 

^3 <UbbbJ wbl^loJl <• (l)b*u^M ^3 ^y. 2>J ^P ((j-*»jijLjjJ *1) & J-*-^l 

OjLS”j .oLJ-oilaJlj jJLJl bbpl ( ^y2^oj >cJ ^JLJLj t LpIjjJI 

biJLb C ^jwyg-3 1 <4jw\Jl ^jJu3J>- Lob l J-*-Ll ljb^>~ ^jbl cJjLwoJl 
dJ LLv^L/ 1 3J-P (Lj*>bJl l$j ^_)L*_j o jl^oJl o-Lj JwJo <b jJ-3 4_*_b (bLa ) ^j-JwbsJ 1 
^JjL* Ljjjl ®jJOj-b! 3*!)bJl ^_3 ^.jLJb Lfl_>tJ 1 t Lob .Lj*)LoJL 

Ua^l>j .LJUajlj L5b>c_Lj IjjJ jjfej t LoLoJlj c bjLo-)lw\Jlj twL>j_blj t^jj^Jl 
l j_bJl Ljjjl ^j~o o jbLaJl ^t)L-Jl ^_3 oJJL* Jl^Jb Lj>LoJl O-J lb (. bJJLJ 

.^3^bJl ]g*A»^xb1 j 3^1 y>x^\ ^Jc>-Lwa>j 

Cjlk.^ (bib (JjJa_fe L^_3 JjbLw* ^3 oj_wP LjXoJl d)| 

^o-s^o b ^3 1935 _ 1934 ^-Lj ^Jj3 JbJj .bLi^-Ll cJ>L>- j_*uuJ aJjj^I ^.Jg_x^3 
(b-^>- o^j^j>cJ1 ( >^p oJbo ( >^jJl c 100000 bL*>Lo'yi 
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LjMxJl cl)jj c ^_3 IjJLowJLL^ 250 ^jo ^Ju31 jUa^^M cJcjLS" 
(A. j_S" .1 j_*_Jl ^jLSol> .4^w^Ug-j ojj-ya j jj_SLij 'y 

lJL& jIS'j .ioUJl Ij^U 0j&j cjlf^Vl c_ilL2> culicifacies) 


J-*_>j .j-^JwU cJ^ ^l^vol 1933J 1928 Ja_*^>jJLoJl {j* jiLS'l jia«o-U (JjJa_& 

talJipl ^iUJ! d-*->cJol (, ^Ij^JI cl^ 5 

lili>- JjJalJwoJl ^3j .L>j*5Ls *L>j ALa ^2 U ^^LoLww*wJ j-S” .1 o j~r* 

c IjlI I jlS' (jULo'y I c IwVjLw*> ji” . I jlS' Oj_>^j>cJl 


(980) 


L> jiJ 1 oLo^>cjJl olSwJl ApljwoJl 


Jij 


^3 L>j*)\^Jl ^y> ^y3. Jj>tlU Ao llll A~oJt*Jl c >^>cJl J-*_i O^jla-c-a iiljwA O y>- 

(j! A^oJl*Jl A>c„ yg.Il A^Jg-La C-j3-plj .A*S" oJ->c-LoJl oLN ^1 j (98 %jj' 
jl$L*> ( /^s ajl^JI ^_3 83 jlS' c 1977 ^Lp (J^_L>c_>j .Ljj*!>\-^J| ( /^s <uJlJ>- 1 ->jjj1 
L^3 ^_Ssj>cjJI oUaLJL> c-olS' j I c Lj">UJl l^_La j^JaLus ^3 0 ^JL*Jl 

t(DDT) _Jl cJL ow*jl^<I £_>-l j2l) ^Jjl a— coL>c_j'yi I J_& ^j-vu5Cp j_3j .^jJLo 
c al^JI ^*-1_p cr^ a*-^ j-JcJlj t ^^Jlj ^ ol_>L*Jl c 2)L5\-wvJl ^j-p ^Lojlj 

Aa jLiLa j (. Aal_*J| A>c .yg, ] 1 A^-lg.) I J jJbJjj t cl) JwojJlj t^jLSLwJl 23 j_>cJj 

^/2-Au t aJlP J . Aw*-~JgJ 1 <2jjl jJ>c_U AwJ^*Jl jlftlj c ol Jjt*s >cJl CjIwLw^J 

^Jl oJLpUsjuJI Lj^LJI ^1 jj ^J^l j!yL^'yi jl JJLlil ^1 

1880 ^-1 j_i_)I ol)L>t-^ cJtA->■ 0 o-Ljj»j>- oLpLjLjjI 

^ La^j Wj*>UJI jj_>- ^ SjLjJI oJL5 Lo^jj _ (985)(984)(983) 1 945 
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LjUl cJISj . (986) JjJlJI tj ^>Jl yLJl J ^All jLjjVL J-Lxjb ^I^SlI 
c 1 )Llw*^>- 1 t L5 s-^aij^S"j tLJUa_>|j <. Lijt LoL^jjj L>jL*_Li ^3 J->ljjo 

.o^^»-*_Jl ^UL 2y° ^-5 ^ 1)5***^j^^ 1^ c l)5w*oL<>»S"t l)bL*^P j 

jJs-Vl ^j^lj^°Vl JULxjIj L>j*5JJ1 ^^J-p *«_- *■&)> 1 d)l ( j~* <1)15 

j5l)l jl5^“^^ jaloJi&'yi {jA 5J Jj 

(.425 ppmv ^Jl <jy>*2\ C0 2 Jl :>Lojl <1)1 JjiJ 0 UU 0 I JLj* 

c (JJLaJIj t (Acidosis) ^j^L^^Jl JJU ^1)L*J^M 4 j>cw2 o*>5\JLa 

JjJa-^l L&1^_^-1 4_^1 j^ ^_1_p djlf-Lpo*^/! oJ_a .^wJl ^Li_>jl_^ 

^j-a 0 j-a 15 ^j-a ^51 OjJ^^Jl wL^-51 U L^3 1)5 4jJ jj C^Lv?! ^3 ^S" ^-a^l 

*5^1 1)1 <L^ljjJl 03^JaJOlj / ^^Jl>Jl ^J^fJl l ^Jt)JJl ^ oljJLw^a jlwiJLa 

Lwvo^3 oL5^Jlj 2003 ^Lp *oJL*Jl <._^L*JVl ^3 ^Jl t ^2 ? -*~J <■_a^*-yaJ 1 


j^-j . ( 990 ) j_>ji j^^ji 


JjIjJ 


wG1^»w^ 31 1 li cUU ^ 

ol jS \j |JI • 1—<JLp 0 * 

Jlp! jlS C0 2 Jl jl ojJj yU £~-bJl j^l ^ 

^3 ^JL*Jl ^ 0j_-xo^ASJJLa JLwA jtJ j-J^ £-°j 


o2l5 2003 »U 

j j ./g P ^ 4jJ CjJ~I ^X3j/l 

^5 o'}LS\2La jj>JI 
^ ^3 j^_tj^Jl J-w^S”! 


(991) 


425 


<y 


. JUJI 6y^\ C0 2 ^ 


CJ 


jJl jJUi 


P **+axil 


■— '' 11 0 A ^ - 1 • • * ii O - 1 1 t I j '—■ !| l ^_■ ^ n >J I ^ |* i ^ T ‘ * M 11 , J-~~| 
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. (Salt Beds) ©*^1 j Jd^Jl ^ jLi5^ 

c l_dJLoLoJlj I^dL>ol JL<>wJo ^3 o^JuJl d^L*-^ j_j d-—L5Ldo c (JLdJl 


(jJw^Jlj) *dogj'VI ©^SLU jd>cJl c-4-o2dJl 4^3 (1)15 CT°J d 'J 

syr jj (Alfred Wegener) jj*\ j ^yjJl dixpl . jjy Jc^ dDS cJ ^p JlS j . jJlpJL 
cLLta oLo^/ oULJl ^d^-1 421 j-w£* c 191 ^Lp ^_£jli ^LiJJl 

^Jl (^Lp 2)j-Joj 251.4 _> 280) 4^^Jl oLjLSsJJ ^-oJL*Jl jo>JJ 4Ja_> y>- ^-ygji 
j-o^db^-^i^J-P l^j^-Ls c (JddJl ^_Lp) 2)1 ^-daJl ^1 O-LwwJl 2/^^^ rt»d 

dg^^Jglj cjJu>JLj LJLp jIS" 42^ do^Jl odolSdil jdb-lj t (Glossopteris flora 

c Ul ^d-»*>lj <. J-Lg_)lj l LwAj j_sl o_J j_d>- ^3 4o JwJo>- 4^4^_j jj_>c_yg Olo^l 

2)L5"j .jJ^pIj 2t°J b»*_> ^jd>cJl dJa-aJl ^3 J-*_> L« ^3 d-*jLid5”l .15"^-osl 

dJajiJl jl J2*)L)o^P ^JLoj ©b-L>t>j ^^v^ljl ,J& ( /^5"L«'yi od»& 0^ ^>p 11-^d j* ld_& 

jdPl J £yg^ C d-wL->cJl L^JlP ^-d-4 ^dll J^->C yg.) 1 ^3 Jg Jfrjg.^cj! £yg -3 

jJj .J-jJ- g- ( /^s ^g_*wJl L^-vg-x-> ^ oljUJl £_oj>- *d 1 Lo-5” j*j LpL*_d L>oj-o-j 

C-v?j_*J ~sj~S *LwJa_9 ^^gjl ^ J^TJ 2^° d-> ^ 4ol L>t-o>c_y2 L^Ldd-*>l jJwplj 

^Joj^ 2)Ld5" ccJbdJl ^.Lp) ^x>j>cJI ^Jl ^lpI_^ t d-jwL*_i .w\Jj>cjdJ 

2)1 Jj>-jj (jJ^eJl ( /^s ( Jl5wjl<>J 1 ^JuJl t cJlLoJl ^Jw^w*» ^1_p) o! j^>c-eJlj (<^1 1 

4_*_jL 4> d-oLS" t ^1 ^-^^1 Ja_>- ^P J»*_dl 4-la-^(J^lgl-LoJ 4_^_>L*^woJl c oL-1 od_& 
(jLo-dj c L*^o j-^j t LoLoJl cJLo-dj c IjjJ j->j <• L >^3 oj-^1 j^->r yg. 11 ^3 
.^lg.^j 1 ^P Jai>- J^JgL^j 2)NI ^JglyjJl oJ_& ^1 ^vsdj .1 ^L>cj| 

2)1 ^Jl jJl 4-oL>- j-oJl 4j jg>x-Jl ^ j-^>cJl jJ iJl^ J-*_) ^Iplj 

j^jJgLds ^3 idwwvwJ od-fti 2)1 2-^°^ t 4«olj-d-*»l (^jJgljoJ ^3 la-A3 C-*-L5s-do J-3 2) J-dv-J 
d-o 25" o o j Li 2)1 ^jdsl Lo-5" . ii j >cjo ol jUJl 2)1 ^-Xd-y»l^ t2)^l 4 _>j1Joj 

Ljljj^ i \y~Lj-~S j_Jjli ^1 oij^O ( " 4) (Pangea) LyL L^_<^l 
^1 ^w*»lo^Jl j-y2_*Jl ^3 O-b- ld>-dLj 1 j~**Z 2)1 j^\j Jig-'y Lo^" .loljwdj-Pj 

^j-^oj-ddj—^j-d-p olJl—> 4_d cd—dd>-l c (^L_p 2 )j-Jl>j 204 _ 217 ^j^_s) 


.id j^ju. 251.4 J! 280 JJ c do^l 5jdJl (992) 
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fc i3tijJi ^ (994) 
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JJJ 

U3I 


Ji aJI d)*yi ^i j*->j .oJu oLjLo *j_JLxJ J-U-a ji jj (Glossopteris) 

15 j-y°\ cj ^3 ^l_LoJJ ^_pL^>- j_>1j t ^pUj>- ^j?IjJLI ^3 oLS" 

d)Ls j^\j 5-^ 

^kJl (J^l>- CJjlJjjl j 1 t-Jjli ( Jjjs cJjUl 0 jJk3 jS' C-JLj Ji cob 

. 0 ^LaJ! 0 j -~*3^ 1 ^■» 0 ^ ***3 ^^-Q ! 

I j 4_> jJa_> C—>c-w^ b jlSoVl ojufe C- ->j ^3 JjJ 

^_^*ijl ^-^-3 ^JwOw*JLojI c L«Lp ^^oJ>- ^1 ^j>- J_*_> j .Ljjyi 

J-3^ C <Lojj5jJl ^jL^-yaJ1 <U ^ iSjJ jS ~ :> ~^ 1 £JjJ-51 Jj^b 

J Ola .^_3j_>c_XJ oljlLll (j! j ^ igI J j_Lp!j ^J~o-P ^^_Lp CJwJ-> 

Ull cil ^>tjl ^3 4Ju j5lj l)I jJ |t-lj C 1930 ^Lp Jj^^J-J ^P J^_L>- 4j>c-*A^/2 

.{^j>- 1 <LJIj d)5 ^-l_j c L^-J-p 



Ji 


U>^_1_P J_>l^)Jj J->F -s/2 7 _j| (1)| (J^iJl (jj 

£Z-JJ L> l^JUj c jJL>cdl (J^L>- n>Jj>tJ ^_>c_v2jJ I (1)1 . L^—L_P Ijlila aJL) Lo> 

j-JJUj j>r*0~> ^Jj CJ->J->cJl ^Ljl .atwoJ-*Jl jl53j/l j^Jaj 

J* Vy6 Lo j£J cJjU^ IJUj _(997)(996)(995) u ^ ,J^ J | tcjU Jl jJbOj 
j>e-v2j _3 5->J->c_> j/ Ln_> ji I d)l j-’ ,iw5 

2JUS o*>l^ ^ e^Jbd JiMj J Ml . 


( 1001 ) 


(1000)(999)(998) 


Jj J-J> 
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N. Middleton, D. Thomas, and United Nations Environment Program, World Atlas of (997) 
Desertification (London: Arnold, 1997). 

L. Eklundh and L. Olsson, «Vegetation Index Trends for the African Sahel 1982-1999,» (998) 
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^3 djULjJl jLyg_>- o5-a 

d)l 4j| C llL-v^*5 1 d4LwoL^3 -iwoJL^vwoJI 

c oIjLjJI jLyg-j>- cjL^S^>jLlo ^3 j]\ ( J^L*Jl j»a jUa^^l (JjJa_A 

I ^>-1 i^wj J^jLp iiLwA C)jS^j jJ 4_)l ^Ap 4_L>j_L? oLaLstJI (J JJj 

^J^5 jl5 Lo->jj ^_>sJl CO 2 —Jl ^Lojl ' ^J^L^Jl Ij_a (jj5Cj J-9j 

^_Lp 0 Lw>JJ ^j_jJ5 j>- ^j_)J_jIjjLoJl (1 )^_jj_ 5U ' -V™-^ ur^J ‘‘-i-'Jl 

d)| jL5>-'yi ^_>jlJL> (J j-Q->j ^-Jl tw--5^5\Jl ^5JI wbJ-^Jl I) 

cJlij . j»l*Jl ^3 7500 jIjJL^-i Jl ^/23ljjo ^jb>cv2.1l 

:2001 j»Ip (Summary for Policymakers) oljIyiJl IPCC 

t^J-p'yi c_iLi>sJL> j_laj>cJlj ^jULJl c_31a>cJI I) 

.®I Jai>- w\^Jl ^^jlJjJl ^jJ>-lwXJl ^JLjca (^^3 

yo 3J-P dUt^A . 4jlll>c^ 4^/23 ^*J-*Jl ( /j5\Jj .4>jL*JJ ((^j>sJI® o j_A <j| 

C j5sJl jl15I Ja^ljl ^3 J_>ljJL* 3 jJ>- j_> (J jJLj tOl_>c_)^I 

^3 ^_31a>cJ| I)^JLlI ^3 15"Ja-^j ^3 1)1 (1)j^>-1 dr^J 

Lo-s^3 ( Jwo-JL>j C oJ-Ji Jilj t Ijl J& Jilj c j-v23^ <wLLjoj 


43 li5 j-oLi«) jJl ya (1) Ij JwoJL^a d)Llo Lo (1)1IP C-JwO 

4 : Ja : >^<JI 4 _^_lL?^J| ojta^AJ jLJ>l ^5 (^L_pI*_2^I 4 JU 2 JI 

^Jl ^3 iilj^A d)l5 c 1999j 1982 ^^jLp 

(oLUJl ^yaJlAj) Deforestation ^J^Jl Jlp IJlaj / 1QQ4) ^j-yg-ll 

oL'UJl jl j ,^-ujuJI t a006Xl005) jJlill JUJI J SJbljiJl 

Js^_>c-oJ! JwA.a/2-^ Lo-A ' ^_5 4^Lo-P wC<»JLvm-<)J I L^llJ^ 
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0 wL>ljjLoJl yg.il y Jl u««- <jj2x_> Jii j . (Biosphere) ^j_y>Jl 

cCO2 —ii to^ jiJi 0<-a-o 2 j>cJi ji^ 0 j_& 

Jjb- (1009 ) oL-Ijj . (1008 )(1007) J Lk^Vl Jiji-a July; ^_™o j] 

jUa^j^/1 (J ^Ja-A y* 0 jjL ^3 labi^i jL (<(_$jJaj *ijj# 

.^JUJI 


4-oLv2_3 —jL^jLJs £»a ^oJL*Jl jUa-a^l iajL^J ^U-a £-j ^La Jjlj 

oUL, JJl>J ^_j _ (1011)(1010) i979 ^ ^ &)l jUaAll J 

L^_>jJ ^j-vwJj Wj-Lo (Jp) __> <CLL*JL4 oUa^L^jJl ol j^xj Jl ^oJL*Jl jUa^Vl JgjJL^> 
^LflJl Ja.*>c-oJ 1 3 j_3 J_>ljJLoJl < y>\ jJL^i'yi jUa^'yi Jj_la_A { jJ-*Coj ^ ^oL>cJl 
^y ^j^23lj2L<Jl Ja^L^jJL IJ_A Jjl^j^ t y> c-JJ ^i->c^Jl jl ys-*)! \j Jay>c-<Jl^ 

. jJU0»] 1 y* Lo y ^oJlxJl Ja-w*>^iJl i)j£j ^JllJljj t yy-\ 


t l-L^- £_j j^» ( y ^SJl jl^jL^'yi Jl 0 ^_<_SJj| ^_pJJ| Jj 

1 0 jj> e_^_U ^.sUJJl 0-3^Jl Lg_>aJ Jl J_i o>l_i!j—>cJlj oULjJI 0 ! 

y Aj yjs 4j>-j 3 0.7 _> OljjJl Jjj t ^-3 yL& J*S> y?\jJL>\ .JJ-A (j^JLJLj 
I 33 I alaJI j3 ^0 ^JcJl jiJj _ 1 j_>* S^J^-Jll j»Lp al<JI 

Jlj t l^_*_3 JJ y ^^Jl ipj-^JL ^/?jJll Ml • 0j-° 4 JOj £^-^>1 

y3j J.3 j .I 33 I Ojl ^>- 0 >L>-j 3 ^3 jbOjML oUUJ w*i Jjl^oJl CO 2 -il 


^_>c_) ^-i^ 0 L->e_iJ t L-*—Jg IjLo^l 
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d*>b>■ 



050 _ 52) 2*. 

^1 y>- (j\ (. (1016) i 125 ppmv L^-jj C0 2 Jl 


(1013) , . .t 

• cH 2 - 3 ’ 

(1015)(1014) 


;Vl 0 JJ .5 . 2 j_ 4 _P 

215 c (^Lp 

^J^pUJI 2jL-ow5d I J512I -^bjlj .2^1 aJ»p L* 2*>\5 

^j-j 2SLdk 2LS"j . j j-j>c ^a.ilj C0 2 —Jl j2-*~oJI 

0*}\jLp oL2oj t c_J2jdl ^Jl t_dg-4.il ‘U>w? oLLp JIl& c^l5j c oULJl 

oJ_^_ij .^j_>cJl ^_92b*-Jl ^_9 C0 2 —Jl ^J-p ^..Ig-v^-jd oLjJI 

ajL^jJI ^ c<4j_^Jl ^ 4 _p^^o c yL2>)/l C0 2 Jl .> 

.jjJ^aJl J»2b 

. d^-j J_>Jl ^IdJl ^ .4 J ^Jwyg-9 VI A_4_) ^-IJl d— idodg*JI ^2l*JJ *Lw2j.5 2j 

2^* 04567 4jJ-a (_£JJl ^-LjlJl Jg_49 Ag-lj j-& idowL>Jl ^-Iddli 

.3j^JciJl I 


^J-A 0 J_J J_g- 

c oLLo^Jl 


JXo^j jl wb*-lj jlS'jJ J^Svoj 

Jg-^>C-<J| 4_v2Jda ^9 ^Jl ciiJ»X9 C 2j“'JJ^21 2r^ J JLp jj JI-L& 

t 2 j y j*S' ^Jl*Jl ( yS\jj ^jgs d-Jl ^9 85 ^1 i)\j .bJ»p ^S'Vl {£y ^ 

^.9 olp Lg_L&b>c_> Jg-^>c-^Jl ^.9 L 2/j 

JjJLal ^^i-P Ja-^>c-<Jl ^J-9 (Jj-O'-P doLS"^Jl dJ jL>c_4j 2/I Ig-*w4 .^LdJl 

J^j jJg ^9 jJgg>Jl ( jgs ^J^JjjJl Jg-0>c-<dl o!a4j dd2_*> J^a jJ-b 64000 

Jg^j>c-<dl C-4.yg.lo3 ^9 Jg—2jJl 2)15^Jl d->L*_4j^Jl oj-&j .2oIS"^Jl jUai>-Vl 
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oLLwwvoL j .4_I^Jl*Jl <lJL) L&Uaj>ijo LoJwo L^_*J 

^jUj (. e-LoJl jUo) <L_*^wUjJl A-oIS"^Jl <1 jLa oLjI*-o!j 4>jJjLJl ojL^-s^Jl 

c ^-i - 1 Ss_J I J—.v.^JT I UJ c jjC*o J c <• l)j-j j-SCJl 

ci*>UJl ^ Ijij jiS ^I ^ll)l jUJl j-Uaj Nj .(^^-jyuJlj j—rjjJ^Jlj 

^^3 J-oJL^uj C I t ^J_>tJl 

{^Jy & i-i«3^ . t_) ^ l—) ^ y.A ^jT ^j! 1 0 L-^C_I I 

^UxJjLJl (L)j^ . Jg^>c-x>Ji ^P*-l C5^ t <L^~oj 







o! j-2-*^j 4jjJwL 1I Sjl4 j>-j3 j-j"^ 440000 _)! J*^>- JlJLA-l twJ J^s—- • 19 

jj>waJl jl 1 j^-a ^Jaa,)! JlJJ^I ^3 jLaJI c Ojj! J*^>- . CO 2 -Jl 

.ASita ojj! co^jL ojj! J*^>- 


J^J . 4->jli ^3 l-ygji 4-jJjUl ( /^S"lj-Jl cl->J_>cJ 

0 jJk^p 4_J^ j y>nji 4JL*A ^^Lp J-^-5 I LgJlsjJJLa p>- t 4_Ia^^Jl 

cJjUl ^-*51^ ^ ajlJlSGI ojL^vaJl >w->~Lva j 

^JjLal iil-L&j . 0 j^/2-3 0 jJL9 (J^L>- oljLiJlj ojL^-vaJl 0 oLwo-S" j_-_^Jl 

( Jw--3 (j_Lg_)l) 15^0 ^Uol j ^Lp o^-^La 251 ^*3 ^UU ^3 0 j-siS” 
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j! t diSvjJjj ojJUl 


.3 jJLjjJl 


^jUl jlS^Jl ^JL>oj 
3^^,/g'^a j! <ci>-L^ il 



4 la ^*>LaJl A J LL^ai Lo-^_ 3 A_)j_>c_> O->cJlJ| ^j-kl j--Jl l)]_ 

cbLdl jlj .SjUJl oljUJl ^0 »<* L^^O-S* ^ X A , /? .> ^ 3 C 1 I ^LiJlj 

CjL*_£j y j ^3 j5"^ A_>^J>c-Jl JjJ-c_v^J olk^Jl oL^a ^j_o ojl^>cjl ^^3 

j>> Ojl j>- y> c-Jl oLw* d)ljj3 jJ-v 2 j <L~s>- oI*j5j j^>Jl <s-)\y>-j cjIv 2 H« 

A-JLwOw^S" y ~>&Jl CIjLpA- o ^-£^1 ojl^>cJl ^3 ld_A j^y-i • Jg-w*c->oJ1 ^_3 

.Jg.*>c-^Jl c-jg-yg-lLa oL*_£j^> 3 ( j_P o-L-*«Jl jL>c-Jl oL*_£jj-o ^Jwo-*J Lo-5" .CjU a^j>c-^JJ 

oI^JLp ^ ^1 ^3U JJl>^_j . (1019) 3 j I^JI J^LJ J_>5 

■k^j>c-<>Jl oL>J ^3 0 Aj^p-c-Jl AcJjlJl j*Jk AjS-L^vJI C~>L*j 2 jc_3^I 

.^.k^ll ^)»P la.7 ^ ^Jl -k-kv^Jl aJIpj OjLJlj A£*-o~*Jl 

t dl5kL<Jl CO2 -JLj 1jLw>- A^-IL* ^_P Olk^>c-^J 1 JuL^I oLw<Jl <1)J 

oA^>-lj Ai'ykkj^y ^jjjj ( JocJj CO 2 —il 0 oLwo-S" jU ^JLJkj 

^ * S ■»/? ^ Oj w\ } Low^ J ■*. ^ i ! w\ ,■% «.|M». S' i ^ l-J ^ ^ J. A /?_) 

d)l Lo-5" l£ j- 1 ^ j-^p 11000 niW ^*0 

(Sources and ^LL^Jl j j^U^Jl oLl^- ^ J 3 k^ M ^j->^-Jl ^j-i’l^Jl jLp 
. 1PCC £oLJ ^ ^j^>Jl C0 2 ^Jl a^JL Sinks) 

^LS'^-Jl -kL*ijJl cJj-*->3 j_>c-Jl jLJLI j 1 (JJw*_>3 tdjl j- 3 ^ 

( /^P t ^ljj>-l ^Jl .k.-s>c-x>J 1 j-kjaJu LoJ-Lpj ^j>c-Jlj ^jVl 

^Lkjl ^\ ojL^aJl J-jwsjj ( 'J?yr J2JW2JI 

OjL^-s^ 5 ^5s-Ji ^_^-P ^jL>cJl ^Jl ^y*/2y jl ^>c-Jl jX£ d^J>cJ < —l.s/?)o C k.^^c-k 1 

. ^/g.Il ^Lko-P ( /^s wbjJ (1) y tJ &\ .X^S\ y U J f-LoJl jk>cJ (_}k° djljlp l)| .A_>jJ>tJ 

Aj wL_>eJ 1 j_a_*lJl cJ >k>- j ^ k7j j_j2_k_l) ojL^-vaJk oj_g_v2_LoJl oljLkJl ^_3JJj 

.U^lwCul ^^Jlpj 
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j £ LLp*-Lw^ ^_w 2_X3 ojL^_v 2_)I oJ-A ojjlw\Jl ^>c-Jl oLa .5 


A^si j^j olk^Jl ^Jl CjIjIpj ojl y>- 4jLw2» 1^-oL*-<j oJjJj>cJ| Alois' jsS\ jj->c^aJI 
woJ Ja.^Ai jJLoJl I ^3 0jL>cJl ^oljwJl Li-Jo da L U>- 

80 ojL>cJl ^oLwJl oLa ojl^j>- ( Jw^2j 01 * -Lj>c-H daLiJ y* 

C d*_) jI jl ^j_> jJL* j-LS" (J^ 2 *^ oL>J jL w ^' 0 jiLj C 4a jJL* <\J>-j5 420 

oJ_>Jj>cJl cjL-w^ jdll oJ_^J cJj^M ^Lddi"*)/I dd* L^Jwo 200 yo JzS I J ^jj 

. 1979 ^Ip ^Jl y<i ^ 

^^£3 c ^ja>Jl ojl^1 p ®j' 0 22 -J ~la Ja^caLl OjloJlS" U 

2)1 ^jiLa j c ^jj ^xJl ^*i"l ^L oJi Lia^a>o odda ^*_AL*a 0«^| 

c ( j_*>LJL] 1 ^ld*al 


( 1022 ) 


jVl ®jlj^“ ^ J^o-P- j->l 

^IdoJl £_3jdJ 4jL»-*2dal ^^a>a La ^^i"lj-^l Ojlj-2*- J^-Ldal cJj_*_^J Jg.^»jdas -LJLa 
(G eothermal) LL>jVl ojly*Jl Ja— jd> jl ja> ^.p^JI Jlpj .^^LaJl 

ojljJ>Jl ^>L~Jl jl t4_lj>-ldJl dw»*w<>LL!l ojlj->cJl yo ^_JLSL Jl3I I (.3j-9 
^j- 4jil ^l_Pj Ja*>c*Jl CjLvfi^a daLij j»I^>- Jj>- JaUL ^3 LaLal j5"^as ‘d^ij'^l 

c Ja^j>c^Jl j»ljj>- (jJaljw^ ^3 da? Idea j t1 Jla Ojl y ><Jl ^i"jjJ .ioLS"jJl j^>Jl 

^3 ( Vj^-5s_i t,— S j-^-^l ^la.-.A 1 ojlj'y c^aj^l ojl^ j>- Ojlj-» ^-3 

y>x*]\ ^15 (jllatf»l) (JLaAjI ^l^jl I^Jj } ^^jj>cJl ^ (j^J toUa-»j>c^Jl 

aJL>- ^3 Li” c ^^laj jUajJjl ^J LjIS" jLl cJwI^j ^Lj*ww*> c >Ll3 

j»JLp ojjj-ya-iL t (Gakkal Ridge in Arctica) ^JLLJl ^Ja-lll JliLp 

C ^j-L"lj_-JJ C-oLj iil-LA JaLiu jl i y*S\j-) 3j_a-j 

.3oj^ivJLoJ 1 oljL^tJlj^yi CjI j2L9j 0jiLLl 4_l_>jJa oljJLS iiL-Aj 
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cJLa^jI ^ J* 1^3 j ^ Is.j ^IgJl <~j' y^T cLULl& l Lyg-j' 

Hjl^ Jjly ^ -L^Jl ^1 y>cJl £li ^ ^ oj'y>J' 

(1026) 


^-4-v2JLLa O L*_&jj-a j»ljj>- 0"^ o-Lo<_Jl (jJ^LwoJl iJjk . { jJ>j % )I\ 

115 UJJ . ojL>cJl olj-^/2^Jlj ^1 j-oJl oj-~5 CjL-o 5 J^lJaJ Ja^>c^Jl 

ojljj>cJl 4_w^5 ^Lwvw>cJ aJjL>c_>j (_£I oli c cjLL?-^> c-x>J 1 ( /^_p ^JwwLaJI *yj t^_3j_*_> ^ 
.Lj^>o C)j£j I^^>c-Jl JaLijJl ]g>>c^>Jl aiLv^-oJl 

cij|jL>tj2_)'yI d)li .j^Ja_L^Jl ^-jlIjLJI j^ 5!^Jl ) d)l LlJ-p 

^_3 i w^^_5s_> 3 jjL-a 10,000 ^oUL^-o^/l ( /^s 1 j-w-5" ^*ucl)jI-5I 

LoJwO^J .0 ^jLlaJLoJl Lp L&3 0 ^_^_v2Jw^Ji J^_>c_v2Jl ^gJg-^Xo . 4-0 liJ 1 

Jj>cXx) ^J-JL>c^>Jl C1 jIjL*J| j j>Cj j c ^^-ygJwoJ' j^yaJl LUg-J^i J-x-opJ 

L$55j .^>tj>cJl ^ oIpULjJI Cjoo LoJ-S" Jj>cJl<>J| jL*JI c *.&)] ^ 

1 ojj-sll c*->L5 Lo-LS" cLL) jJ L*_J> j-*-^-^?-) 1 j_pLv2_j j jL*Jl ci->L*-ol ^-jL^vo 

wULa o5a |*_<>^>cJl d^LL>jl ^Jws^-) aS j .LpLLjI ^i51 iol5^-Jl 

^1 4 '-5_o«p 0 L 3 c ^-*^o j}\ ^L*Jl ^a H 2 O —Jl (1)15 LoJ^ .I^_Lp ^)oj^_L^^JI ^1_p 


->ULLol <^15 ^l^jJI o5aj . /. 1 - 5 4-^vJo ^_a 


;UJ! 


(1029) 


4-olilI ^3 ^*a 500 100 ( /j-o ^jl oLp ^*^0 

olju^jl ( /ya C_ii^>co3 ^JJ C oUa^>c-^J' ^3 ^ J >cJl ^_3tA5o 

0 5aj .Lo2_*o L^_»o2_*o 0_4jj -Xi 0 j-^-3 ( jos (1 )j51j LaJ-^P 4-o 15j^Jl 
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j-y£" Jg.-s >c—o5i ^_3 ^jljJl 4_a_l_>- ^_3 Jl_>Jl ^ L^5 
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j\ . (Mediterranean-Trans-Asiatic Belt) y 

^_pU o jddl iS ^j ^15 ^ (Andesitic) (Rhyolitic) 

c ^*/?,)i td-d-3 jwLyA^j t jL>c_aj % )\J 4_L>Li 3l oJ-Aj . a-w5 jj ^3 (cjL^-^>cJI 
j j_>c^a.I \ LLla-Jij (Boulder) 3dj .jL*dl y* 3j-~5 d->Lw<>5 L^j5\J 

^-L^-jdlj tjj,^^-o.ll j_>tj>cJlj JL^o j £]\j c (Pumice) ajL^vjJI ^Ja-sj 

tC-A^I J ^ ^ ya. 1 \ jJ>c_v2_)l jL*Jl .0 jJ>rU2JLa Aj>-jlj>- 

i5—w»- ^^dp o y>*-££~a ^^j>cJlJ c AJa-^JdJl ojL^-vaJl ^2 j J* d-JjLdl ^_3 *!A->cjj 

Ao 15 ^dl jL>cj2j'y I <2 jJ»>cj . ^Jg..wM.l 1 L^J j-v£? J j j3 0 j ^ .yaJwoJl ddjliJl Lg5 

od_A JwLvAj j .^Jajdl XJl>J| ^3 ^3 Ao j5 AoUj La j^P 

-L_*^5I J c ^L>Jl jL>o «w?l>oj t apoIjIp aIjLa oL< 5 oljl>cjij' , yI 
^j2j>J>e 5 ^jj2>s| jJ>- ( J5L*Io 5 Jj>dl ©d-A ^j2-*J JajLwvJj .A^Jj^SsJl OljLiJlj (1) JJ j5Jl 
j~5 ^j! jJLwd ^j15^j l)L>c-^a l^jj . j jia^oJl ^3 d-L5-Ljo^5Jl 

C (SJjJ«>cJl L^P IjjLj (. L^wvwOjJjjj t jJl 15j—al ^3 C (JljCoJl ^dp) 

jjj}J A3 C LoAu .^_plj ^5jj .idajj Aw^j^l 3JajCo tl)l I ^jj*3 

^3 iaJLs ALP 3wLo<-Jl jl <dI Ja_>- ^P J-*-dl aJ^-^j j_La Aj15I 

. ALa y>xj£j (^dJl Awaj^l oj5\Jl uly3j 


c a^5LoJI al*j 10000 _Jl cJ*^->- Ug.^>io o5jj 1500 l)15 

^y* 7.1 od_A ^JlSv-J^j . ( Jj>t^vwoJl ^cjjUI ^3 ^5"! j! 3^ L^llj ya 

y> a^oJI ^3 80j A^oJl^Jl y° /. 15 ^|5s-JAj L^j5Jj c ^JL^Jl a^-L^j 


600 Jl ^1 ^Jl ^ ^Jl ^ 57 


y>*-> 


oi 


( 1031 ) 


l./?)I Liojl; aaj^oJI oijUxjd'yi 


aLoJI ^3 38 d}j t Adj>-Lw^ Jj^ aJs-^jJI 

j_>tj y^^jj Id_A .aj jUd! A-w3 >j' yI cjL>-L^ vwoJ 1 ( /jjs IjL5 250 


j_A IA-A J 5 J-dJ^ 


( 1032 )- 


ax» 5 jl aJa-Io j>5I y» jA JL 


0j-d-* 500 
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^3 ^Ul ^_>LwJl o^JLlI ^3 AJb oLSb^ ^j-p 

^>sl2 (J^^Xj l) 1 ^j-^o-> jL>c_AjI CX>Jj>- bj^ C Jg.^,>c^oJ' 4_,aJgJwfl 

j-Jl ^X^_*_> ( 2jj>o ^aJI jJj>cJ| ^3 jJl LgJ A_ob j ^ j^Pj 

^jSL<^3 (. dlJL^- LLww- L*j_> Ub- cxojl bli t ^>\SjJ\ pjJ-^Jl (j-^j ^ 

.dJUi di) (JpbtJ (1)1 |*~JaP (jlS" 


(Supervolcanoes) ^i^ji 

^ (Igneous Provinces) 4_>jU ^_Jli\ ( _ r< jL«Jl ^51^1 2->-l>cJ 

"- >., , t. (1037)(1036)( 1035)(1034)(1033) . ,. 

t <UJjLi • —i I jj L^o-Ljjojj . jL>^JI iA jjLS 

(Toba) L ijJj (lJJwLjj_J) (Taupo) j_jjIJ J_l» jJaLw* j! i _^- s ' 

jv-Jli! ^ (LS ^^I S-b^uJl oL^jJl) (Yellowstone) jy^ jLj (L™JjJJl) 


l) 1 .> - 2 £- cl) LS" jj jl 


4-oLS" j_j 


HJ15 


^xJl AiUaJl L^_-^o2_j ‘Cwo.SUl o ^-^5Ul 4-oLS” ^Jl oj! I jJ-- 


(1038) 


c 


tuJl 


^3 AjL^-P Aj j^- 3 oL^aijJ j .1 jljSo jX5”l J £_/a ^ol-vgj 1 _AjJ-v2j 

2.67 AjwL_L>- AjJ-J_>- ^ Cj j^xj djL-wo^xJl (jl ^t^Jl (JLowJo 

L*_>j^kxJl o\Sj .^Lp 2000 ojX3 ^Lp I) 

^v_9^LkJl CO 2 Jl ^Ix-dj (_^JJl JL->cJ 1 *lxJ 0 j. j*L^s ^LfcX-^l ^3 0 ^SbJ 
3 L 0 ^Jl oli_J^ 3 J-P 3bjlj .a_jj!J_ oJl (Milankovitch) Jli Jj2xJ*>Lw* 5jJ jl 
C Alb C—9jJl 1 ^3 CjI jjLS' *AjA-wo-*J 1 jJ>c-Jl Obyj jj ^3 L^_X3lxS"j 4_oLS"j_J 1 
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0 J-P ya < flJljLa Loojj 4 C-4 -JlSG1 y LS" ^-Jl J^La^jJI oJjL-a^a 5 y3 ^J-P cJ^ Lo- 43 

i?LLJl o yj> ULL*jl 4 iw-^Lp'yi olS" jJl>^JJ <w4-JlSCiJI d)j .yS\y 

c^Ip! tCJjJl I3_& i^j • o 2.67 olJj ^xJl oj_& jJl y 15^Jl 

2)lS"j 4 ^jlS^JlJ ^l^Jl i2^J>c^oJl yj ^ia-^1 jJl IS" j+J*\ y Aj^> c-Jl (3j-i'l^Jl 

oLwoJ 1 ^-9 ^jLwvu y~-^ ^—■aIjjLajsJL) 3^Lo ilLLft 

(1040)_ . Vi. - <-.« «. »«> -^J| ^| J a ^| 

a^jjS a^-JjLi yl I y*^ *• 0^-^-° 2.67 

. ^IjwoJl C-3"J^“ LoJJ ( /^3 


jUiJ! iJljb jl5j . uu ^wjVl 5ji^JJ Jl*JJ 
(1041)- . 

y* J>e_/3 


-L^> 


ojs”j^wa 0^/1 *• 2 )16 jjwA oji>- a^jl ^ji iJ y>cs is"j-woi c^o is" 

JJ> aJIS^JI oIjUxjU^/I y>-\ oJu^- .(Yellowstone) cu>J 

1000) ^Lp cl)0.64 ( J^j (^L«jJl <^*~xSLa y* jJ-^S" 2450) ^Lp o2.12 

4 Aol AjzIs^o y oJ_g_S" o!jL>cj2jI l-ijj • (^L* J\\ y* 4_^*S\>3 JLaj\*S 

jJ>cJl ^JLpI y ^_3jJJL^Jl j}\ ya A_!jL& iLw^S" 0^ 4 LwoJlp 1^1 yj\ Lgjli 

Lo OljL>tJ2jl OjJl JJL) .^L^wvwo_*iJI AiUaJl A-^S"Lp 4 ^Jl_*Jl ^ jp>_P ^3 j-sXJCJL^ C-olS" 
a^-s^j^I o c_jLv2jJI ^J»p ^Lp d)^-wl>3 0.64j ^Lp 2.12 

Aj J-Jj>cJl Lsj Aj^Jl^JI v_3j jiaJl ^3 (1)jJ>t3lSsj 2)lS" 4 JaA3 

jL>c_j 2_>I ii^_; -LS^ 4 ^Lp 20000 O^Lp Aj jL*J| vl4 I ^2->c->^ .aJwLJLoJI 

^J-p ^x>>^Jw^S" 5 l^Jj-W <a^-*«I j aj^^3 ^>Lp 13000 


(1043). 


3 £>3 LL>slJJj . (1)0 j^j>e-> <L3 




^U 1^1-9 . lwL>- a3Lp d^>cJ A_L>tJw« vI^I^Lp j j^-v2-<J| jJ>c ^aJ I 

.^Jl*Jl v!1jL>^Ls< 2^3| ^5"^ 4 ^Jg-P ^15"^ jI>cj1jIj viii^ 
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(Krakatoa) IjJLSI^5 j (1815) (Tambora) Jd* ol cJLS' 


J L^aI ^3 dgljL>C_4jl d—> LS” LoJwO 


(1045) 


^3 (1883) 


ol y>j (1982) (El Chichon) jjiLd Jlj t (1980) (Mt St. Helens) IdJuj* 
jlS^ oISl*i .l™2 1 jl>- (1991) (MtPinatubo) 
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0.5 _> ^JjlJLa c jL^kJl ( j-^s <^^SLa 2800 74000 ^Jw*3 j-c^gl 

jwLs^l .LdL^A d-oL» djL*2j^>3 jL>cJlj| ^j> 3 1 jLdJl ^xSLa jZa J-Ls5" 1 

t d!5Cjo J ^5Ul (Aerosole) SISj ^ ^ j1000 jj> M Lo LjJ 
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^jJ?A>xSo j> c_Jl 2)lS" bswdP 

^J_P JjL>* jJ 

^jLwwJ^ C d->l d—OwLoJ 15 jJ f-ldd (J j-yg-^ J 

I ojl^>- 4^-j3 L^do- 


(1046) 


IS"^Jl (jl>t^Jl l)j5\j J3 . 

c (1047) ^k)l j^Jl J^i vUM ^ 

... ", t (1049) 1 it , . (1048) _ , 

i, - «^2A 1 * • ^ j LwO ^ L ^ 31 ^t.. - - -^ Owd 

. 4j yj& 10 j4>o 0 ^SQJ jLdl *. & 


aJlA> c. la p t dl^Sv-Joj-5\Jl 

^ (105: 

■ 

.4_p|jjJl l I Jj»l J 


t> 5d J .( 1052)(1051 ) L_Tj o^Jl f iU 7 1 Cr" 


d^l^l^j ^0 ^>c_>cJl «,_ jU ^Jl 

dd, 15 L^5lw 

Lwvo ^15 j^\ 3 L 0 jJl jJw-J.3 jIjJLoJ 
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<Lo^JjJl 4_^p|jj ^/?ljl^ d->L>Lp ^-O L>^-> jtS"jl dJ-2*> 

.*1Ja>- 

<l^j>- (. *\jSL^)^\ J2_>- <LojJ ^3 ^j^LwaJl £_^L>iw4 C— S»\s' JJL) 
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djIj^SJ J C jlSjwvJl 3J.P ^3 ^^Lojl jl>cj2j S yi |j-& ^->Q • ^J^»a«vvJ I ^ 1 I 

.Ul^*»lj L%-wjj J2_gJlj ^jjjl ^ ^j-^LJl jLJLXjIj *• <j->"jJj-5j 
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ojLyg->c-L] 4^owjg_^JI i y*S\ ^_j| jj 

wLj^j ^Jl oUxJlj oLSj^Sjl ^^j'yi ^oL^aJ jl^ jL^o jl j£c~> 
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U oljliJl 0(3^^^ Lj jUUl AjJjUJl ^oJg-*Jl j-Jl 


oJ->sJLoJl olj'yjJl) Lw^j jS j-$-> oJjUj c Loj-Uj CjL*-<2_j jJ* ^JJL« oj^ .yaJ \j 
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-LS^ .^jVl t L*-wvwO ^Jl Cj LL?^>^<J' cl)3_^9 Ojl^ ^aJl 
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11c IjjJj_>3 c Ij»j*!)\_«*«~3j c ^_9 U3j3 ^jLJl 
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SCacuJl calf)/ j}\ (jjJj ^^JJaVl Ja—j ^-Jiil jlj . (The Faeroes) 

Lyg-ji ^_*^3 LLL>j_sl v— j j-p cJLo— Jjj LS”j-wol cJLowJij c a^S"^-^V l 

oljU^M o j_A ( /jaa|jJ ^-aJ ^li JjCS ^1 t A_*^L claJ_>cJl 

^3 oj_4_^3 f-Lo-^y ^pLo-?- ^^ai^-^i j-oJi t ^-wjja % yi ^wj-3^y oj-^-SsJi acJjlji 

. (1063) J/ -l o dl _ 7 ^*Jl il* 

,1a..o.; JJl*2o ^aajJl (Jt)L>- 4 -cJjL daljLa-tJlj^y AJL>-LLa cial ~C>-1 iJlCA OjLS” 

^3 Lyg-ji c*jLL> ojj>-L>cJl a-cJjLJI cal^owoJl C-oLS"j .La^ aj*yI oj_JLs 
c^-^L>cjJl Q-ljLJ1 c^^_ lS”L« ^j>-L>- tcJljLoJl ^_Lp) ca^-jCJL)! ^Cw^j'yi 

*L>hjI a./gJl ( _ r Jl tJliJl J-™>. ( _ 5 J- p ) W^JJ cjljlill JCxi j! *c_w^j (1064) (Ijj^' 

.^JujJa | /^oj *L>a ( Jc^2a>- jJ (A_ojJxSLJI 


^JLLsa? cl)j-SLo t j-oJl ^3 AcJjLJl ^j-25”!j-Ll ®j-9j cJ -0 ^_^-Lp 

i)y£u jl ^c->j^oJl ^1-P ^j>-Lw« (_£*)! *y dlJjJ^ .4j>cJa-^i ^_^Lp <Lo 

i s-LoJl jl c cjjJj^Jl _j A3*!Ap aJLj cl)lj t L*a*caLl^aJI ^lJL LlL*C* 

Ij_jI jOa cl)j-SLww* c (_£j_>cJl ^_9*5L*Jl jl CaI jl c (caJ»a>-j cl)|) oL^a>cJl jl 

. Lo ^-Aj < _9*)Lp aJ ^5 jl^Ca-L ^c_>^LoJL>_^ . JaJLs ,^^w<>_cJL 

^_Lp cl) yj j_5L]I JL™5I jlj_vaj j! ApLc^a ijlCA 1_9 t ^C3j-*- 4 <— 

Lwjj c_ 5 ^^ Ll j->*-> cl) 1 

• J *y 1 ^ ^ 1*P L woL-1 A^»wv«»o I I 0 I ^ ^ I l^” 


Cal jJlJLII ( j-o*!)Lo ^.yflj ceJjUl (> ] > ^^l^jJaLw^ ( Jc_>cJ 

la.tf.L c^TJl cJjUl ^j->3 ^^SLa J^AyLS cl)J-T>s <_ajUL La c5 

^3 cJ jUl 0 a./ a jy*-> • ^Lp O^-'-LoLl ^Ojli 0 c_ 5 ^ -^/a ‘S' L>-jli>- 

V^^ll CaljUilMl JULmJj .JlpI ojl ^a>- ^ Loajj CAjjJja 1100 ojl j>- 

0J_CC ij y£~° j-A-L-j 0 j_^_v 2 _Ca j j_>G_vaj Lj jl ^_a»- A_jjLp (Plume) 0 -Co_p! ^j_>a 

a^_i lcc>a cabJjL l! c Ljli I j LviL I ojLa^Jl 0 JwoP-^y I oL_a -Xi j . *y I 


R. K. Bambach, A. H. Knoll and S. C. Wang, «Origination, Extinction, and Mass (1063) 
Depletions of Marine Diversity,» Paleobiology, vol. 30 (2004), pp. 522-542. 

W. R. A. Barager [et al.], «Longitudinal Petrochemical Variation in the Mackenzie Dyke (1064) 


Swarm, Northwestern Canadian Shield,» Journal of Petrology, vol. 37 (1996), pp. 317-359. 

.‘LolSjj j ^a 5 * 0 c, ^ caljlpxjjjl aPU ajj!ajjLp 5a^>-pl (i!?) 
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c 15 j+j*\ y^~j t ^1 _p) Ja^>c-oJl ^_sl^Jal J5 ^1 _p 

t lwG*A~oi y*S\jj ojL^-v^Jl <«_>L~J cJwLx^j 4_1 2J>-^A (jjj .(1~4 Lj31j <• LSsjJ jj|j 

kJjJL ^^SsJ JaJai ol 10 i_5Ja.o <ul ( /^o c (Laki) 1783 ( ^S” s )/ jL>&j 2 jI ^w?U>oj 

.ojl^ a./^ ]1 ^j-^ 5 <w^*-S\_>3 y\-*S 1500 ojIdJLa IwS Ja_P (1)15 

.aJlSVI idjUl ^51 jJl ^1} ^JaJL diii £bL^Jl 

jt-JlSI ^ j»Ip j^Ju> 14.7 JuJ (Rosa Flow) Ijj^Jl ^>L~Jl 1)15^ jl 
jU^I |j-& jwLs^lj .<^-*S-La jA-5 1000 ^^JjUl ^U^aJI L^a yS 

5 j+-^ oLwo5 cii-Joj_^5Jl wL^v 5I o j-5~* 10000 

A^J l_JL<>JI (_£ y*/2.Jl]\ jUtiJNl oNjjj . < ' 1065) Ajjjlij J a^Jlj 

^Jl oJLsj»j ojl^ a./? wljjj® jL>c_ajI ^jl 4 ^j-^lJL ^dJl cilidJ 

I ^_L5 15 ^j2_>jI oj I_ 7 >Jlj jUJl yj* 5 y^S* ^ C *lo^Jl ^3 jJ~A y\**S 1.5 ^\jL >jl 

^Jwo^>- l)l5J *• i£j^~1 ^»—*>1 y*~*^ yJ+S' jL>c_£_)'yi ^oJL^i! y^j .jj>G-Jl gJa-M» ^_3 

o~Lg5 oj~5 oL<5 <Jj->5 c IJ-p- I^5 da55jJl ( yA j^>cJl 

iSy^-i -LiL 5 ?" *1j-$Jl Jw*_>- cr^i ^L^Ljoj-^-S sJl c2oj- 5UI wd^*5l 

liU- ^w?j c e-L5l jl5o o1000 ^j5l (5c_3*A*Jl 

^-a ^15^ jLpxjIjI jIjI •> ^L*^a»- ^j55>-> .fUl jUo ^>3 *L^5Gl o5_A d)l 

da55^A-J cJjUl yjs-^s jIjls^I .oj_s^jLoJl 0 ^UjJI ^>lJa>cJdAiLj ^ 1 j_9j^ 

Ls5j 1 L^dSl^Jj . A) y~a oU- jjLS' ^Jl ^yj ja>cJl k^_3*A*Jl 5 ^JwOlS" 

(1)1 JL-jij daL>-ljdsl 5iJldA .(1 )jj^5J| wL^51 ^y U 4iLvaL ^c_3*A*-Jl ^3JJ d)l 
200ja>dj ^^>Jl o^j^SCJI wL-^51 y* ^lj (Deccan) o\£Ls 0 UL 5 J 

cJ*>UJl jl5 Lo_)jj . (1066) 4 j^= ( *_L jl_y^l iib-A jl Sj .ppmv 

(_Jj jJaJl y& yljJl «-lj^Jl jlS SI (Deccan) jlSji jU^i cJjU oi ^j^Jl 

.jj^jjJl cJ j L> ^1 yj')l x*j >-jJl 


oL^oJl CO2 (. Ja.^>c^oJl oL^s ^ y > *- > 

^Jja \siya Ja^J>e_^Jl 


■e-> / %■ ■* la. P 


M<r 


.1 t 


T. Thordarson and S. Self, «Sulfur, Chlorine and Fluorine Degassing and Atmospheric (1065) 
Loading by the Roza Eruption, Columbia River Basalt Group, Washington, USA,» Journal of 
Volcanological Geothermal Research, vol. 74 (1996), pp. 49-73. 

K. Caldeira and M. R. Rampino, «Carbon Dioxide Emission from Deccan Volcanism (1066) 
and a K/T Boundary Greenhouse Effect,» Geophyiscal Research Letters, vol. 17 (1990), pp. 1299-1302. 
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C Uj>Cj* U*l jJLl ‘w*--J^J>C jJ| £-J ^j«0 ( ^J>x^~S')I I t 4 ^v 2^> 4_> j_Ls 

^3 ^JJ>-JJ ^ j t Lftljj *5^3 L 4_>jj>c_> ^g-Jg-*Jl ( /j^S"l ^ 2 -^ a J • L-pLoJ>- j\ C Lj^jU 

. (1) yi J>S I wL^-w^^S' I ^ lj a!j La <u L*J j wLs^2j ^ c 4»J>- Lu» L>j 


iJtf^Jt oljUJl 


^JlS^Jl j_>jU c3jiaJ Li. JjjujI ^ (White island) 

<jj j-&>- I j 

J! 4800 ^ 


«L 


*i'j 


o! 


Lk2dl Lkaj^l ^ <uij C ijdLjjjJ (Taupo volcanic aone) 

(1067). 




^ ^y J-S’ ^15^1 JjJaJl £-kj ■ hj\y~^j>Ji\ 
1200 Jl 320j tC0 2 Jl ^ Ik 4120 Jl 1150j i*LJl jUo ^ J* 18000 
t dLjJ jSjjJlJI ^ LJs> 360 Jj 96j iO->jJ\Jl J_™5l Jli ^y> J? 

^ 0.36 ^1 0.16j dLjjJLijjJL-jJl ^ oLJsl 10 ^Jl 2.6j 

JsLkl j^jsJI 3jL>Jl oli JjjJl jiiAj jJj . Lj 

. (1069) ^jlsJ| jjjLi JJaJ J^LUl iljccol Jlp JUJI j* U5 t J~LJl 

jjyl oji'y^r (Kudovskaya) LlSJjj:>^S olS^j jU fc^lp ^p 1^*1 IJla 

<L>jJL* 940j 150 ^j-o 4 jjI^j>- IIjLp ^*/?. j (Iturup) 

LJ? 62 j cC0 2 Jl LJ? 50j c H 2 0 ( jJb 1800 ^ j_>c_> 
dLJJ 8j c l j-^j>-jjA * ^ Jl jJJJ 7j c O-Jj—<_SJll 

Lr* lA 0-4j “• Lr* lA O.lj 



k;UJl 


(1070) 


(*j4s4^ Cr° 


30, 


LW 12 £&> 4_v?L>- 4j»v^ <oL* 

1.4j ^j-oL«_y>cJl l)IJ?I 6j c ^^jwiJ^/l LJ 25 ^ Cy 3 


J. W. Hedenquist and P. R. L. Browne, «The Evolution of Wairotapu Geothermal (1067) 
System, New Zealand, Based on the Chemical and Isotopic Composition of its Fluids, Minerals and 
Rocks,» Geochimica et Cosmochimica Acta, vol. 53 (1989), pp. 2235-2257. 

W. Giggenbach, ^Variations in the Chemical and Isotopic Composition of Fluids (1068) 
Discharged from the Taupo Volcanic Zone, New Zealand,» Journal of Volcanology and Geothermal 
Research, vol. 68 (1995), pp. 89-116. 

P. Stoffers [et al.], «Elemental Mercury at Submarine Hydrothermal Vents in the Bay of (1069) 
Plenty, Taupo Volcanic Zone, New Zealand,» Geology, vol. 27 (1999), pp. 931-934. 

M. A. Korzhinskii, «Condensate Compositions and Native Metals in Sublimates of High (1070) 
Temperature Gas Streams of Kudrayavyi Volcano, Iturup Island, Kuril Islands,» Geokhimiya, vol. 12 
(1996), pp. 1175-1182. 

S. G. Tessalina [et al.], «Sources of Unique Rhenium Enrichment in Furmaroles and (1071) 
Sulphides at Kudryavy Volcano,» Geochimica et Cosmochimica Acta, vol. 72 (2007), pp. 889-909. 
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oLj'y y]\ ^3 C cl)OjL>cJl tO4_*_o ^.yg-jJ . (*_—-&3Jl 

jlS^ j-L^lj ao73) C0 2 Jl ^ (.^JL Lu 190 160 iLjS^Sn SJL^uJl 

C-oj-iGl JL-**Sl ^3U ^ j20 (Punatubo) jjjJLwo J^- 

^-luJJ obtaj ( J^5s_*iwJ (_£jj>&Jl *LJl jL>t_> ^-a ^JupL aj ^ jJl) 

^j-a o cjI—(* 2i—-o. 0 j-> J—•° 30 ^^>5 

. (1075) j J j J ^| .uJs yjj; ^1 oljUJl t y>.j <.(CFC S ) 


bbcLpI oLS'jj <L)LSjj c_i_Li>cj L^J j3jj jL*Jl ^1 jjI 2)1 2r° ^_p jJl ^^J-p 

(1)^^Xj ^>0^Jl ^->cj>- (1)1 ^J C o^.^-yg-L^Jl j^->c.*■/?,11 e-bo-b" ^Lp 

t ^J^2 iuJl ^ 5 _ 3J C C0 2 ^Jl ^ 12 _ 8j t H 2 0 iuJl ^ 80 _ 70 
cJjlj ^J>-j j >A -s ll t^-wvoj 0_> j_-_52Jl Jw^v^Sl 4jLoJl ^_9 8 _ 5 J 

L« j_^-p Aolb^Jl oljUJl (l)|j .cl)j-^'j'yij 2^u 

21 Lp ^^>cJl c_3^\^Jl cLlb 2^ ^ *y 1 ^Lp 2r° aJL>- 

^^Jlp ^j->Jl ^_i2\Jjl (j j^l 2ij .Jaii C0 2 auJI 0.03j ^w>t^S”l iuJl 
^j-o C0 2 aJIjJ 2r° *2 <>jLw*o • 2r*j-^ ( y^>^~Sy\ ^a *l^sLS" oL^o-S" 

^j>3 oL^-Svj ^JzjyCj j-yg-ll <~~Sy^]\ <uL<>»*j ^j2>&Jl 

v_ 3 1 jj ^3 La^o-p 1 ^Jl 2r^'2P 3 t '^-*-^^3l 4 '^Ss.Joj-^-ll oljL^JJ 2} 

jS J j j\-3 J j J j jJlSJI ^ > “ 1 d^l^l_P JwiwO .^^_>c_Jl 

laJw> 1—> 1 iS 


Jlkjo _ (1078 >( 1077 >^^J| j.iLj 


A. A. Kremenetsky, «High-Temperature Re, In, Ge, Bi-Including Volcanic Gases are Actually (1072) 
Parental to Modern Ore Genesis, »IAGOD Symposium, Understanding ORE Genesis, Moscow 2006. 

J. B. Lowenstern, R. B. Smith and D. P. Hill, «Monitoring Super-Volcanoes: Geophysical (1073) 
and Geochemical Signals at Yellowstone and Other Caldera Systems,» Philosophical Transactions of the 
Royal Society, A364 (2006), pp. 2055-2072. 

M. P. McCormick, L. W. Thomason, and C. R. Trepte, «Atmospheric Effects of the (1074) 
Mount Pinatubo Eruption,» Nature, vol. 373, pp. 399-404. 

G. Brasseur and C. Granier, «Mount Pinatubo Aerosols, Chlorofluoeocarbons, and (1075) 
Ozone Depletion,» Science, vol. 257 (1992), pp. 1239-1242. 

P. Cloud, Oasis in Space: Earth History from the Beginning (New Y ork: Norton, 1988). (1076) 

A. Tabazadeh and R. P. Turco, «Stratospheric Chlorine Injection by Volcanic Eruptions: (1077) 
Hydrogen Chloride Scavenging and Implications for Ozone,» Science, vol. 20 (1993), pp. 1082-1086. 

W. I. Rose, Jr., R. E. Stoiber and L. L. Malinconico, «Eruptive Gas Compositions and (1078) 
Fluxes of Explosive Volcanoes: Budget of S and Cl Emitted from Fuego Volcano, Guatemala,» in: R. S. 
Thorpe, ed., Andesites (New York: John Wiley, 1982), pp. 669-676. 
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Lyg-ji j (SO 2 ) 1x5" ^Coj^^Jl 

H 2 S J-s^5'1cj^ .*)![j 0 j»JLjJI j^L^Jl c (H 2 S) j wL^gJi J-joj-XS" 

^5s_*C_> .^L>1 4-^-yg—» (J<CoLwOw^S" <cCj_v? dolwJwo«_*_j SO 2 —J ‘CP j-~+-i 
Li_l_*w^ ^jLuj <. C)wLwL>- cL*o- jl jpUb ^3 c>jol j I o! cc->j-^Jl 

CjZ; . a080)(1079) ^l5^Jl jU^Nl ji~ JiSfl Jlp ^JL) ^>JI J 

0.1 ^y-3 jju jUajL cbLo 4o^ji” ccl^Jg-3 cj wCA^>- ccldjbbjJl 

(J jJgJl C-j3-ys2J ^Jl jJgj3.Il |j_A £_Loj .jJCj)J j5w 3 0.5 J wb^Jj C jJCj5J jSws 1.0 

c^Ci^yi d-~ccsCj j oC_a cbbb jJl .cJg-3 L^J i ^vwowcJ I t_5^~ y ^*~*^ 

j3^^j « j »o3-^o^j 1 j »^^J 1 ^j»J! 31 j^jI 4_*_^*»***£ I 0j^»/23 I 

oJ_^-p| ^jj oJwoCCw^j a j-^j ^ j-o-*-Jl Sj_^v2_i ^LojJl JpUb j obb jJl 

^j_L_p| £_JLj 1 j_>«Jg-Jl 0"^* Cj^_L_P ^j_.w*_] ol^-J t jL>^jL)^I 

Loj 3 C ^-vwo-CJl I ^ ^j^Soo J . W y\ jCwJl^ ^3j ® j-J2-^J jj J jCl I ^ 

jL>cj2_>Ij cbljjc^.1 ^jJgLcjs j_>cJl e-L* jL>c_j obj jj_L*joj .^1 jjcl d>j 

c^>-j^ 1.0 0.3 ( j-o ^jlj ^1 jJbl JJL)j . 4 _>LJLj 3 jJl ^jLS" jj 

*cLj J_>c_]| 4 _jLS”j_J1 CjI jL>c_J_)I CC_Lj ol yl—^ ^Jl ^Lp 0jJLijJ 4_> jJL>J 

jL^Vl ^ JLS ^Jlj t ao84)ao83)ao82) 4^ J Ul J 


(1086)(1085) 


(El Nino) 


J^O 


Jl 




j lb oiU3_S" 


J o'. 


-y\ 


L. W. Thomason, «A Diagnostic Aerosol Size Distribution Inferred from SAGE II (1079) 
Measurements,» Journal of Geophysical Research, vol. 96 (1991), pp. 501-522. 

J. Zhao, R. P. Turco and O. B. Toon, «A Model Simulation of Pinatubo Volcanic (1080) 
Aerosols in the Stratosphere,» Journal of Geophysical Research, vol. 100 (1996), pp. 7315-7328. 

B. J. Sodon [et al.], «Global Cooling Following the Eruption of Mt Pinatubo: A Test of (1081) 
Climate Feedback by Water Vapor,» Science, vol. 296 (2002), pp. 727-730. 

S. Self, M. R. Rampino and J. J. Barbera, «The Possible Effects of Large 19 th and 20 th (1082) 
Century Volcanic Eruptions on Zonal and Hemispheric Surface Temperatures,» Journal of 
Volcanological and Geothermal Research, vol. 11 (1981), pp. 41-60. 

R. S. Bradley, «The Explosive Eruption Signal in Northern Hemisphere Continental (1083) 
Temperature Records,» Climate Change, vol. 12 (1988), pp. 221-243. 

C. F. Mass, and D. A. Portman, «Major Volcanic Eruptions and Climate: A Critical (1084) 
Evaluation,» Journal of Climate, vol. 2 (1989), pp. 566-593. 

J. K. Angell, «Impact of El Nino the Delineation of Tropospheric Cooling due to (1085) 
Volcanic Eruptions,» Journal of Geophysical Research, vol. 93 (1988), pp. 3697-3704. 

J. K. Angell, «Stratospheric Warming due to Agung, El Chicon and Pinatubo Taking into (1086) 
Account the Quasi-Biennial Oscillation,» Journal of Geophysical Research, vol. 102 (1997), pp. 947-948. 
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, 4—4 jj do 5 jj 


•ol5 oJ_& Ojl ^4>Jl 4j>-j.5 JJ>1— *>1—9 d)| 

(1087) f. 

(jr*^ 


d)jj .(_£jJ><Jl dJLdto jJ><Jl j-oo yJl Cjlj>5lj * J-5*-^ d*-2M jjbo 

(1091)(1090)(1089)(1088). .,^ ,, , ", .. M , " . . ♦ *. i . vt, t. 

4-olS^Jl Oljb^A) Yu ^jJoCo A^bLUl ^ <- 3 j £ s ^2 I ^iajco 

<_—-*> (1)15 t d) *5\—& CoL*« (Jy^“ d)l51980 ^»Lp jL>cj2jI 4jI y- 3 ^ Ai j 

J j_>c_v2Jl oL>-^j>-j (tUX 1 jL^p j-& jj>c-]\ < 9*5d*Jl La_>c_}VI 

IjL>cj2_jI (1)15 c di*5dw& d-oLwk* d)l5 jL>c_aj 1 (1)1 y>s ^_p jJl ^_Lpj .d^_pljJl 

I Jj>- L) jj U 


(1)1 di1 ^jbjJl y^oj .4jjj5dj JJ>LwjIj-\J / x_*/2_p*- 4 jI ^ 1 


^ 2 - > ~ 


Jl5 


5yjl o ^uu L^a 


jL>cjij'^[ 1 ya o-dLlaj 1 ^yJl c di-Jo^5Ul ^j2-oo>- jj>1 j. Ja_3 (RX) p15j oyi 
4— wa. w*J1 4 SQ 2 JI L^JtAis- c—~5^pj tiLjt ^j^>Jl oi*>\JJl 
ya) do 151 OljU^l ya Loyj dJL>- 0 y_3 JjJ_*o vJJJ-a '>'J . (_£ jJ>5l c_i>d*JJ 

.djjJ-a 4 j>-j^ 0.5 ) jJoao ^oj5 jlyj>-1 .5 .^*1 jjja (1963 ^Lp 1912 ^Lp 

ya 4-.wX-wJa.ll 4lyaj>- ^j/?Ai OwwO y>-l jj ^jj>cJl o_3*AxJl d)j^> d)l y^-o-oJl yjj 

y51 jJl olilij 


(1093)(1092) 


LoJwO 


l JJm jJww*J 


(Ji /o (< wOLwJ jj 1 «—*J1 






J. K. Angel and J. Korshover, «Surface Temperature Changes Following the Six Major (1087) 
Volcanic Episodes between 1780-1980,» Journal of Climate and Applied Meteorology, vol. 24 (1985), 
pp. 937-951. 

R. A.Bryson and B. M. Goodman, «Volcanic Activity and Climate Changes,» Science, (1088) 
vol. 27 (1980), pp. 1041-1044. 

R. A. Bryson and B. M.Goodman, «The Climatic Effect of Explosive Volcanic Activity: (1089) 
Analysis if the Historical Data,» paper presented at: NASA Conference Publication 2240, Atmospheric 
Effects and Potential Climatic Impact of the 1980 Eruptions of Mt St Helens Symposium, 18-19 November 
1980. 

R. A.Bryson, «Volcans etclimat ,» La Recherche, vol. 13, no. 135 (1982), pp. 844-853. (1090) 

R. U. Bryson and R. A. Bryson, «Application of a Global Volcanicity Time-Series on (1091) 
High-Resolution Palaeoclimatic Modeling of the Eastern Mediterranean,» in: Arie S. Issar and Neville 
Brown, eds., Water, Environment and Society in Times of Climatic Change (Boston, MA: Kluwer 
Academic, 1998), pp. 1-19. 

T. J. Crowley, «Causes of Climate Change over the Past 1000 Years,» Science, vol. 289 (1092) 
(2000), pp. 270-277. 

A. Robock, «The Volcanic Contribution to Climate Change of the Past 100 Years,» in: (1093) 
Greenhouse-Gas-Induced Climate Change: A Critical Appraisal of Simulations and Observations, edited by 
M. E. Schlesinger ([Amsterdam]: Elsevier, 1991), pp. 429-444. 
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(1)1 £-9jJLoJl 4_jl c 4_9j j->j jjJl £-ULJ! o(1)j_S\J 

J y>- LajLIxjI Jljo (Aerosol Clouds) olSIS^Jl ^p J jy j .Jil j j&Z 

j *-A L^-La Jl .4^o_^J>- oU^L^JUj j 'y I 

<LolS"^Jl i ajJL*_S" aJl>JI <. J cJLo-*jl^I ^5C>-> ^JLJLj c ^Jajdl 

^1 ^JJLa (_£j->4 4 _jj_>- oLIjJg-v^I j c IJ_a . cjj_^5CL> <lj^JI 

ol.il.5jJl (^^Uaj! ^j- 0 ->l j-^ j3 - > aJ*CL*_> 5 A_^,Jg.9 JjJ^LLa ^_9 j^Ji^jZ\ jJL^vJl Ojjjl 

. (1095) -oJ > JI iJlS^Jl 


ojjuI ol iJLwA oJlS" c Jl c-iiS* i^LJD ^Jl Ailp} 

doLS" L*jjp c ^J-Aj>cJI j_v2_*Jl cJ*yj>- <>0j <^3) ^j-^ 

Ljjj! . (1097)(1096) | J |^ ^51 oo^PJl jlP ^Jl 

(Annus Mirabilis) (Year of Awe) ^c-j]\ j»U- <o! ( _ 5 Jlp 1783 j»U- ^1 jLIj jlS 
(Haze) a*jIw5 ojLAp c- la3j jJLs .5j^S\J1 cLjjI j^Jl ^j_p 
(B enjamin Franklin) ( jA£j\ji (\r^ • X-9Jj' Jji dJL^PJl 

^ W'Ah ljL>tj2jl C^www*3l (1)1 l JJLsJ_> ^-vUjL> ^9 ^Jl AJjLyAj 

. (io98) ijj*>L»ji 


^ (Lagagigar) jCLw^LpM a a L?:» ^ jlS' j-> & 

150 A-jdjL) a_>jL^- yg 1784 j-A 1783 j-jjj / d)l^_>^j>- 

-Xij ^><31 c_9*)^-*3l ^Jl ^Ji>o 0->^S\Jl JL^l obbj ^j]p I) 

^p a^>c_}jLJ| jLaxJI jSAzj olSC-*! ^Jp jUc^Jl I3 _a 

i cuj c ( j^ajjl!I ^_9 <. a * a_>c_jIj ^j 

^9 SO 2 —U JLp jJL>c-4 J 


G. A. Zielinski [et al.], «A 110 000-Yr Record of Explosive Volcanism from the GISP2 (1094) 
(Greenland) Ice Core,» Quaternary Research, vol. 45 (1996), pp. 109-118. 

A. M. Vogelmann, T. P. Ackerman and R. P. Turco, «Enhancements in Biologically (1095) 
Effective Ultra-Violet Radiation Following Volcanic Eruptions,» Nature, vol. 359 (1992), pp. 47-49. 

S. C. Porter, «Pattern and Forcing of Northern Hemisphere Glacier Variations during the (1096) 
Last Millennium,» Quaternary Research, vol. 26 (1986), pp. 27-48. 

T. J. Crowley and K. -Y. Kim, «Modelling the Temperature Response to Forced Climate (1097) 
Change over the Last Six Centuries,» Geophysical Research Letters, vol. 26 (1999), pp. 1901-1904. 

B. Franklin, «Meteorological Imaginations and Conjectures,» Manchester Literary and (1098) 
Philosophical Society Memoirs and Proceedings, vol. 2 (1784), pp. 373-377. 
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y^a ^_LpI ll ^ oLS"^L a d)d5^Jl I5_& ^1 j_sj . *1j.^Ji 

4j~Jl ^ ^_JLp jl5jj _ 7 C j1j ( _ 5 Jlp ol IjLp t (1100 ' >< ' 1099:> ( _giL*Jl 

li^l 1783 jJSyJ)y±Z ^ Ljjjj' ^ ojl^>Jl ol>c-oLS”j .oL^>cJlj 

jl5 SO 2 -> 15^Jl (^jl^>cJl j-JlJ c ol>ji 

15Oj15 Jjl3 .OwLoJl 3 j (_5^^®i .J^(5^ 

SO 2 La*A_i_p^ c <dl_aLj dJl <l*_5>! ^J^_*_j>- l_>> dj 55 j^\ ^ y•-£' 

^j/sjLi iiLd& jl5j .L*jli 5 j-> ^j_oj5 C I A ^ -,/g 1 I ^-y^> I C j ^ I 

( Jjl* (Jjjl*_> 3 (jL>e-^& ^3 ci-> j_>c_j 5 j_a Ij_A d)l5 5li . dJLJl ^L*Jl ^3 ^Jw*^5>c-<>Jl 

IjIjJLa (._4j| .^^Lp ^p ^—^.p d)l5 jj ^0 L« ^J^d-cds t ^55f 

j-^p (1)15jj jl L^J (l)l>e-^ J-Lp t ^j^>&JI ^_3>d*Jl SO 2 1 

.k— vdh»-*J idld.)^5sJl d-J^Ja3 (1)1 ya ^«P^Jl ^^i-P • (5^^” 

. H 2 O ya ^^>Jl <—3>d*Jl J>S0 2 y* ijldA d) j5w^j 

U>wJg-p I^jI (Aerosols) iJlili^Jl dJai^Vlj o^JnJI ddlS^Jl oljUxiJM! <1)1 
^l_d>JJ JL.VI 0 j+^to.3 5^1 ‘w—wwso 0 c5l V1 y^s>-j ( j*JilaJlj ^LJl ^Lp 

^*.9 ^>^1 <5Ljoj--5sJl ^^ 2 ^>->cJ do5jJl l)}j .^j-v5iaJlj 

jU^U .4_5 s-^3Ll>w\J 1 i>jj>iJl d5^>cJl g-^UjJ c ^r-]g.«,^l 1 Ojl y>- <2 j L>-j^ 

0)L«jj <1)15 ^>5 ^_Lp pLLj ^Lw^JLp ^1 C ^->j _^1 t (1) ^5s_> <1)1 


^ iSJUJl olili^JJ Lwo-^i j} . 

0 jZ3 t ^j-oLiJl ya 0 jy-^i I 


(1103)(1102)(1101) 


UJj'y 1 


J 


dr" 


Jails 


.LJ1 4«ol y^\ < 
^aS^ja (£y> *Jl 


^bjaJl 


0daL^o5 OjwLv^ 1 1 do 15daljL>cj2j'y 1 ( 1 ) 1-3 clU^ .^--*dJl ^j^>-^Jl 


V. Courtillot, «New Evidence for Massive Pollution and Mortality in Europe in 1783- (1099) 

1784 May have Bearing on Global Change and Mass Extinctions,» Comptes Rendes Geosciences, vol. 337 
(2005), pp. 635-637. 

J. Grattan [et al.], «Volcanic Air Pollution and Mortality in France 1783-1784,» Comptes (1100) 
Rendes Geosciences, vol. 337 (2005), pp. 641-651. 

P. M. Kelly, P. D. Jones and J. Pengqun, «The Spatial Response of the Climate System to (1101) 
Explosive Volcanic Eruptions,» International Journal of Climatology, vol. 16 (1996), pp. 537-550. 

M. M. Halmer, H. -U. Schmincke and M. H.-U. Graf, «The Annual Volcanic Gas Input (1102) 
into the Atmosphere, in Particular into the Stratosphere: A Global Data Set for the Past 100 Years,» 
Journal of Volcanology and Geothermal Research, vol. 115 (2002), pp. 511-528. 

A. Robock, «Volcanic Eruptions and Climate,» Reviews of Geophysics, vol. 38 (2000), (1103) 
pp. 191-219. 
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J jl <• 

(1105) 

Ji 


( 1104 ) 


^cjg.*.Ai ^^i_p ^ ji^ o'yL co^ji d-»ijip 

^PxJl (_5^i ^ 9 J-4-) (^jJl Co <C~*S j jl>cj2jj/l ^->c^>- ^o 43*A^- iJlLA 

Jj-JnJI dj| j l_P CjLwo- 5” 4_>^jljJl 4-oLS"^Jl djljL>c_4j S yI ^joJ 3J-P o^ygj 
• j~~> ji jb'jJjl ( ^ji l£ j-><Jl ^-3 


4-u 


^JLS'j-Jl (Cyclic Regularity) ^jjjJl ^ U a Jo Ml IJu* 

^Jc-j-jl _ ^jLi-wsJbj (Heinrich) ^.jj-LjLa ( JJ~* ^lJ-^l JjU>- IjjL 
4iLcu ^-bl^Jl ^ ol^Jcdl j j& jl Llk^a jJ-o Nj . (Dansgard-Oeschger) 
jj ^ J>m *• j- 2 * c ajjj>-j (Oceanic) aJ ^j>^a oI 

— 3jL*-~jbj ^c_J jJol_A CjlwU>j CS*jS^ ^jLS” j_Jl jL^*Jl 4o>s_jljJl 4 o^_> e-Jl 
j-ojJ 4j^>cJlj 4-Jg-^>c-^JI oLL>cJu^''yi oljjjJl oJ-A Oi^- J3 j . j r *S >jl 

i-JlS^Jl o*>L>^Jl j-o Lu 1430 S^Li illjjJ jl . (1107) J^I_JI £l^y\ 

J-J2-3 . 0 J_> J->- CJwwvwJ C _ 3jL*_^ob Sjj3 jVl ^jJl C l_UoJ | j 

Jj\ C-dk>* jJ 


(1108) 


1914 aIp N 


4JjL5sJI L^-wvwojJo| ^3 1883 ^Lp 1 /^_jI ^3 I^JLS "!jS jL>cjijI jLS" 

^j|^1 y^-\ t 4 _p j^~>j LwoJLp <2j j-Jo ^1 JjVI 0 j-^_SsJ! 

.J^L ^^j>-I Aj j-^ J J <>_>j^P Jajjj dJ-b ^00 J-43 c JJJwO>- 

Cr* — 0 ^-L> jL^- j-* iSb-A jl J-ij 

olj-Ja3 jl5 w^jLjJI o-^U>io>iJ|w j| ^^J-p Joo Lo ^3 JbL> 4jbC } ^jL>c_Aj'yi 


J. M. Palais and H. Sigurdsson, «Petrologic Evidence of Volatile Emissions from Major (1104) 
Historic and Pre-Historic Eruptions,» in: A. Berger, R. E. Dickinson, John W. Kidson, eds., 
Understanding Climate Change (Washington, DC: American Geophysical Union, 1989), pp. 31-53. 

S. Self, «Effects of Volcanic Eruptions on the Atmosphere and Climate,» in: Marti and (1105) 

Ernst, eds., Volcanoes and the Environment, pp. 152-174. 

R. U. Bryson, «Late Quaternary Volcanic Modulation of Milankovitch Climate (1106) 
Forcing,» Theoretical and Applied Climatology, vol. 39 (1988), pp. 115-139. 

G. C. Bond, and R. Lotti, «Iceberg Discharges into the North Atlantic in Millennial Time (1107) 

Scales during the Last Glaciations,» Science, vol. 267 (1995), pp. 1005-1010. 

O. Petterson, «Climatic Variations in Historic and Prehistoric Time,» Svensk (1108) 

Hydrografisk-Biologiska Komm, Skrifter 4 (1914), pp. 1-25. 

H. H. Lamb, «Volcanic Dust in the Atmosphere with its Chronology and Assessment of (1109) 

its Meteorological Significance,» Philosophical Transactions of the Royal Society London, Series A vol. 266 
(1970), pp. 425-533. 
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^Lp jW cj2jS ^^ I3_& oULu cAj>- jJL] j .L$L^? taLaj ^^]y <LJl. 5 l. 5 j 
(Santa Maria) L>jLa LoL* oljl^JJl ^jJl JJ-IjJI 

j»Ip ((Alaska) LSL^Ml) (Katmai) ^^JlSj 1902 *Lp ((Guatemala) ML-Jlj-p) 
jjL> ^_}l_S"^_> 3 I. 5 J L)jJ-j LaLp jJlS*)! f-jj—& jIS' > • 1912 

. 1963 p (L^vwo^J-jLj ^^JL> ^£■>j-jj-p ^*La ls^~ j^~JJ 

c SO 2 ^j-o'^La 7 ^! ^IjW*^ olS* 4 J 1 {j* 

.5 yy . 4 Ls_^j % yI 0 j_S\_LJ j_L>t_ll c-i- a/2-L) I (_Jj_3 j_^Jl ^IjwoJl 0-JL2 Lj 


ojlJJLa La (I ) EL Chicon 0 y^L^S> cJj. 1 j>~\ y\S y* jL>&j2j1 

0^3 SO 2 jLp (1)j-^La 13 _ 11 £-a 0 jL^_v 2-)1 ( /j-a <-~>~*SLa J^ay^S 0.5 

3l a^S" ^ (Jj. <2 jIwL>-I ^_a AiJ.5 ( /^aljJ J3 j .3 

.L*w? 1 j>»l obbjJl A^L*_ol 

A^aj^l cli_Lj ^j-a ^b"! 0^-Ab djljL>c_2_>l ^J_P cJjJL^I JJL) 

<LLajl J*)l>- Uajl I y*-> CJ~*~jLp <LjJwvsJl jL>c-Ji'yi oUU cl^LLo ^j-a 4b*cjj LJ1 

.^j^l>cJl c_^2ajlJl ^3 J-Jj>cJl i. _Jj c Jj*5Lj^P ^3 ^y&Loj>- S )} I j jLwkJl y-^J t <bjL> 

^Lp (L^wUjJjp ljj_yjL> ^jAa L>ojlj <lL>c^w<>J| oljUfcjJj^yI (1)1 ^y* ^_P^Jl ^Lpj 

^SG ^Jii (Sea Spray) ibj LaLJLja Lr ~J Cyj-S oljjJu J_L*jJ 1815 

1809 j»Lp t^2a_aJl ^b”!j-f qJlpL^uJI obbjJl yS\y 

4_v2-aL*Jl oljU^'yi o3_a cujLS” Lo->jj . lij j_*_>j LoLS" \jJl^l^ 1258j 
*l^S (El Chichon) d) y!L^S> (J| L)LS”^j jL>&jij 1 ci^ljL^tjijl 

jl L^jl .oLU^l J-J-3 J jJ? ^-a ojl ^ ^J l ^a 0 

^3 ^23LJ ^-a j-^5" ^15^ jUljIjI • SO 2 0^-^5” <L-~oS 

cl)^-^Jl j-yg-xJl ^1 jjl>I ^3 jjl c c_i_L5" .i?LJL> 

? -Ac dJlill 


(^-Jl^O dyjy} ^ 1991 j»Ip (Pinatubo) ^-jLwo l)LS" j^J-LI?! 


S. Self, and A. J. King, «Petrology and Sulfur and Chlorine Emissions of the 1963 (1110) 
Eruption of Gunung Agung, Bali, Indonesia,» Bulletin of Volcanology, vol. 58 (1996), pp. 263-286. 
R. B. Strothers, «Climatic and Demographic Consequences of the Massive Volcanic (1111) 
Eruption of 1258,» Climate Change, vol. 45 (2000), pp. 361-374. 


294 



4_pLw*J| j oIpL* Jbb>- oj^-s/2JwoJ' jj_>c_v 2J| d_*iba oljd*^LS" 

(ISL-bll) (Katmai) ^^JlS" blSjJlj .1991 12 Jai3 

I J-b^S” 11) (J"d jbL*Ji b jJlJi c_5^ ® j-g-yjgJwoJi J Jj>r -s/2,1' ^j-^a ]gj J j^bblI j-& 

i)\Sjj j! j-S"j_) .3ol jI^jI 3bulS"j_Jl oljj±!l oj_& O-JlS"j (b^*_Sba 

^ bl b ^_b) .5 b»3 yi 1 1 ^ 1^ SO 2 ^ LwO 

^3 1 j_bS" 35 jb^b/l 4j>oljJl jb*Jlj 3 L 0 ^Jl SwLo-pS c—^-bj . A^jJkj>- 
L_3>b*Jl ^3 d—ISbbJ ^Jl cLLjo^£j| obbj bj-*ba 28 j l^-pbbjl 

^Ip I^->IS"IblS”jj ^y* o-Uw^<>Jl bbbJ Lo ajjL^j a^^SsJI 0 OjIS" j y>*]\ 

bbS" j-i bbl j <• £-«-jb~b bj bb ^-9 ^/?jbM b y-2*- 4_jbbj 4jL>t-w*i dJ j-Zd Lai . 1883 
j ^.Jb bbb>- L^_Lo-SLi I <Gbbj djbb>c-w«j dbg.p c ^jIL o 

lij j^j bj j_p Lw._^vw« 1118 yj> ^iS"! cJL>cJl 13-A .ojb>&jijl <ba_>tJ 

0.7 0.5 L^JLp bl y (<~jyZdj ^_>lj>-) 4 ^-jLp b*~o-b^ ^b-&*ba 

d-> b>-j3 *d>bb C-^i LuJLJI y->\ 4JLb? £-<>_b_j .4_>^Jja 4 L>-j3 

^Jl cjLJL/2^3 231l& d-oIS"j .obbjJl ^Jw-3 l y* ^olSJl ^L*-dbll j\y^a\ Ajyj* 

jlS"j .USj jil ^3 ^_ 3 LL>-^ c 1993 ^Lp ^^-w^-wvws^ j^j <^>\j>- 

t^J^jlj jJa^al uwj 3 jj! cdiU 1992 ^Lp <uS" 0 Jj>td<>Jl oLN^J l ^ 

(_£jJLwv^a L3^i L_3*)LiJ! 3j-*-b d^l‘w-JJaSj .baLp 77 J_L« uW5 

l> _^- :> ~ ^obdS"_j j^^xSLa ^o^b_3l ^-Idob" b_> ^5" jZj*)} \ 4_jl3l3j 

^»1_P ^j-vJg-^ypI /^ >1 ^3 ^b-do ^3 2 )^_^a> wL& * 1995 c.A.yflda 

l)IS"j .^j jJl>J| L_oJa_aJl j-j jSb -0 2)lS" j_; ol^l^j <_^b>c-^' baJ-LP 1991 

^wmJ U tw^.,]g.^il (3 j3 bjjjVl ^^3 ^Sbobalj3 ^J^23bj iJb& 

(1)^-b-o 27 kd*-*-b l$J 4_fljb*» bl 4 ^»-Lwvw« bJg-^a iLwi’jbll 0jSbJ jJl>cJ| ^3 

1992 ^Ijl ^ bjjjbfb JjiljJl f'lj-^Jl J-b3j ^a^LS" 

^_aj jj* l)IS" j_a blS" J-SJ • bjjjbll Lbl^Jd*>l c_i_3jlj LSbdS"jbobl L_3*)biJl 


G. J. S. Bluth [et al.], «Global Tracking of the SO 2 Clouds from the June 1991 Mount (1112) 
Pinatubo Eruptions,» Geophysical Research Letters, vol. 19 (1992), pp. 151-154. 

J. Hansen [et al.], «Potential Climate Impact of the Mount Pinatubo Eruption,» (1113) 
Geophysical Research Letters, vol. 19 (1992), pp. 215-218. 

J. Hansen [et al.], «A Pinatubo Climate Modeling Investigation,» in: Giorgio Fiocco, (1114) 
Daniele Fu’a and Guido Visconti, The Mount Pinatubo Eruption: Effects on the Atmosphere and Climate 
(New York: Springer, 1996), pp. 233-272. 
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Ifcj cJLjcl-I ^Jl JjSlI S^JI Lgj\ Ml iLj I^Jw> \!\Sy yy\~> 

<Lw^wJgJl <j o j_A C2*->CL9j C ‘LoLS"I SO 2 J_>eJl dj'V'yi 

.^51 0>IjL>cj1jI ^J-P 

^1 ^o'y 1 ^js* ^jj^'yi j->-i 1815 ^Lp (Lwwvwojjjj) 1 j(jlj yj l)15" 

j^v aJl ^ L_*_50a 1 jJl*30 0 jUx^jI ^3 j^JJa! jJLLs . oLS"j_; ^jJI 

20 0 j?j J*yj>- clLjoj^SsJl olilij ^0 0 jJl« 100j Ji'yi ^^Lp jj-^- va.<J 1 
90000 ^Jl jj>- cli_l_Aj . 1815 ^Lp ^JLp ^^L>Jl i^pL 

L>^3 jL>cj 2 j'yi 2)LS"^ . UL>- ^3 (Sumbara) 5 ^Lp 

C IJw^*_j ALa (_£J-UJI <-^Lv^jJl jUaj ^j*JL*/3-) J>\ Ijj-^l; ( J^j>- oi 

Lal_>l «ll^-Lw*»j <LoJJa-« 4^-L?j-oJ' 0-^2 j .1 2850 ^Jl jJL* 4300 0 ^>Lp ^^2j2j>cjL9 

c_i_v2jJl ^_9 l22_^-*!>La j_>cjJl oLS" .L^Jj_>- 3 jL> <4^ j-^r 

• 1815 j*~q^**~*^} /cJ^ ^ ***‘**~^-^ ^ 3 L**»31 ^ *y I 0 I 1 ^ 1 


o-^wvo xjIj ^jJ3^j\ _ jJl*&\ _ (j^1 j jlS’^-Jl 

I jLpj O^A-jJl ^1 

4^i_la^Jl o! J ( /}»*S”| j-Jl ^j-o ^Jj>C-w*> ( /^_LSsjl ji ^yj* Ljo ( /^s ^*-P ^J-P 

l ^UJl 1 j ^ ^ ^ 1784 ^Lp o^jLJl 

^3 ?•!j_gJl Ja_*_v^ <lo 15ol^l^^Jl cUyg-^-^j 13-^ . 1816 ^Lp 
C^JL owsXwJl ^^JL-U'yi ,1a-sp*c_x>2i l3__^3 p! y^^yi Ja_>- ^j_P 4jg_^i^JL^ 

^jjl ^/2 j2j>cJw« ^3wL>l3 ^ws^LpI 

j_^»-l Ijj_-_>sLj oLS" (J^" ^3j- 3 c3j- 3 LJL>- 

jL>c_fl_)'y 1 ^wLa 'y ols” <ui ^-^p ^_-_s0i ^lj-cjjLJi ciji ji_>tjij'y 1 

^^Lp ^j-o j-> Ja-SL^vJ ®j-^3 3 jJ>-j J-Jj>cJl i. J ^j_o . <LoLS" j-Jl 

il^Ml J^i IJla . (1117) c^LJi- Jl^l y, j[5y y> 1810 _ 1809 


C. R. Harington, The Year without a Summer? World Climate in 1816 (Ottawa: Canadian (1115) 
Museum of Nature, 1992). 

S. Self [et al.], «Magma Volume, Volatile Emissions and Stratospheric Aerosols from the (1116) 

1815 Eruption of Aerosols,» Geophysical Research Letters, vol. 31 (2004), L20608, doi: 1029/ 
2004GL020925. 

M. Legrand and R. J. Delmas, «A 200-Year Continuous Record of Volcanic H 2 S0 4 in the (1117) 
Antarctic Ice Sheet,» Nature, vol. 327 (1987), pp. 671-676. 
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Uaip (1823 » 1795) jjbb jbl^Nl d;J^j .Ijj^U <u~- ^JJl 

o^Ip (. dJJi I iiLjj . (1118) U^ c_Ai5CJl JgLD jib 

oj_Aj .^_oVl jJ->jIjjj (1)jjJb <J j\J>- ^UgjJl Lf^w?j-a 

c^olb ob_oL>cJl 4 _p jJ>- (J*^Ai>-j .^Lp 200 180 ^J S <2jJj>o 4_>jj3 a-Jw<>-p 

l~L_k ^_jl j|j jJl ^L_Ia_jJl 4 _LjlS" J_b ^_jj j^ j>- jj*L _j jlJI 

t_^jb_9 (^£j->- 2>-lJ ^j_jj ^_1_p <._I 

^3 djj jj jjJl o2_ft d-o^Aj>- jJaJ .Lv^jI ^UajJl jli=- c_^b"lj^JJ ^ol>&Jl 

jJJjLo JjU- cJJib o^JL^Ij 11990j 181 lj 1832 ^Ij-pI 

Lyg-jj>cL_wvwO~j j\JLj L^jg-J j/ jLyg-J C-JwO OUljjjJl 3J-*J 

t^i-lb jjJj 1810 <lJ ys t^O^I jjjJb (Jj\J>-j boljjjj 

( /^>s 2)jbjoJl c^oJj>cJl Jg^jjLoJb aJjlJb c L*Lp 14 <^vw<>-a 1JI oljjjJl o 

. ^J*P ^ LwoJiJ ^j23ljJojl jjjl lb-& . blp 11 

c_i_LS" 4_> jj O^ 5 (Jj->- 0j-bv_blJl ( jbjo2> C lj j__aL> jL>c_4jI J_*_>j 


*L^_j2j t jg -^^w<>wl ' .jg l^_J I o >-L& oI ci g .o3^.^c^o3! ^1 Lj 

O^Sj (J^JgjjJ ' (^jJl 


( 1120 )„ 

. 0 j*J 


ljj__alj) d-’lw^g-'yi oJ_A ^_1_P ( /j-^ljJLoJl ^o->bJl 1| jib 


^ ^iLL^ (jj^>Jlj i-x^0wU 1 Ab^.^Jl) c_^jj c 1 *q*jjj (^j^Jl.ij 

C_i_l_b 0jj3 0jj3 C—jib jt-b C j-sJw2Jl j_v2_?Jl ^J->S Oj-b^'yi j-oJl 

4_jjULow) J2_fl3 ^L^vwOwj 4 _*_Aj 35 iiLwA jl$b . 1816 ^Lp ^3 4_L^*i 11 5J 

jli>-jJ ^y3^J>n Jl . <Lw^wJgJl OJjjJl ^3 4_*_4_i 100 -J 

^A-yjgJ 0 I 3 I 3 jJl f-UaP j! jJj>cJ| t_.jgj2.Ilj Jjjbj^P (. J ^5 (j-'bijji 

.^'yi o-^jj b j^jj "^rjS Cw2A>ulj .WjVl 3jbsJl 

LojLpj bjb j_>tJi jib . ^i_j2__s/? jb _j 4_3j>-j\J| 4_Lwbl CuwW 


J. Lean and D. Rind, «Evaluating Sun-Climate Relationships Since the Little Ice Age,» (1118) 
Journal of Atmospheric and Solar-Terrestrial Physics , vol. 61 (1999), pp. 25-36. 


c (jj^bJl <_2>lj^liJ ^JjJl \- 4 -?y«~-i c oij_oj-l <u_wwo_2Jl <5"jj-1 (1119) 

•J^-jj « 

( J^3 ji jjp <1*^5 V ixi) ! ( 1 120) 

Henry Stommel and Elizabeth Stommel, Volcano Weather: The Story of 1816, The Year (1121) 
Without a Summer (Newport, RI: Seven Seas Press, 1983). 
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j . ^LpL>c_^3 c c bjjjl ^J-*-*' ^ 

-LoJ>uj C C1 jL>-j.5 6 5 (1) y*j* (J^>- Ojl^>tJl Ow2_4_>cjI 

(1123 ^ m •■“' • " ^sUlJI t> >~i j! \jSL ^Jl^JI 

oI-jN^J l ^_9 WJ-Li_*_)l 4_^Jg_L>a clU^US" 

jjJa_) (jLoJ^>-L> j 1 cl)LS"_j c Q*/?^>ul3 ojl jS >cJl ^ 

1816 ^Lp 5 jJo^l od5ljg 4 ^jLp 0jj-v2jj .bjlj I j*a\ ^*Jb ^>c_1j f-liiP 

co c—a*/? j j ( j^s o ^SsJl >■ a.»/? j LLoLp 

. C_jL>c_v2J 1J ^ 


/ 

t)^2_*_>3 0l5 C-jL-v2-1 
^_ij l&ljlpIj ^ 5oj_>tJL^ji 


c ^»wL<jJl c ^_31 j2j>cJIj c oIpL>c_x>JI 

j-^p ^j_OjIj c-4-w^j J-*_i jUa^'yij c <uLsZ?L*Jl ^-IjjJlj jJa^oJlj 

^UJl ^L^-wvJl 0^*»ljJl Jij>-'ul Lo5 c i—tf-waJl ^jJb .^j-w^x—Jg 

oj-^-U ^UJLil c,i-yajJl o_> 15 .c-i-LSG 0j-^-SsJl 

( Jw-w*^>L>c^oJI j p (1)15 ^LJLj c e-Ld-JJ ^lpIjj ^ 4 '-w*5j % yi 


(1126)^ 


J^J 


>L>05 


j 4j j-*-vg 


d)lj^J ^j- 0 c5_*_«_l<>JI ^2^>j>cJlj jLwkJl o^-^j d)l J-5LJL 

Ji i“>L^Jl J^i jJls- ^LJlj ^JLp ^poLJl ^ (1 128)(1127) ( _ 5 ^jjj 

C wLwg- il J Ce-Lo-Vl ^J-P ^g_lj2_l3 . <Lolj^Jl ^-oLo-iJl (1) J-pUg (Jjl *■ 


-)L> L^Al 
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(2003), pp. 230-259. 

(^jL* ji i j-a aJjj^o ^_s o*>U>s_^ dj-^>- <_^-4 (H25) 

ool <. ^ So'yjJl ot *4j^Jl (1816 jjy>- ^j^oU-Jl) c^-sl jSL> 

ji <wai 1818 <c^*> 1 j i ^ 

.^w^U- aJJ v_1816 <c-~« oj-wi (1126) 

D. M. Pyle, «Ice-Core Acidity Peaks, Retarded Tree Growth and Putative Eruptions,» (1127) 
Archeometry, vol. 31 (2007), pp. 88-91. 
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^Ul jZS <. ^2 ^j>A\ j jJL> 4 j j_L* jJH J| oL^a C2olS ”j oLv2j>cJ!j 

ojL*J| Ua-oJI ^j-o c J-L>cJlj (jo*)CSCJL-4 cujL5j t j_>cJl 

oJ_a <l>cJL*_^3 aJjL>c_^>J j-L-j j_jwL*_j •£j-^j^jwoJl 

4_> 4_>j ^kl I jL^Jl J! jlS^Jl IJL* jUa^Lj . (1130) 0>>JI 

^3 -b-L*i _ ^pL<a«X>-l 


(1132)(1131) 


kJLs L&L>j ^-IjwoJi ^oLoj I j-{ A ® j^ (J"****^ ^1 

\ jU^^I CjN-L*.^ CjI. 5 ^Jl*Jl ^*51 j-{ {j* 4jLx>Jl ^3 15 

.a^>cJLv^ ^UJl oAj& d-olSsJ (1)^| t ^L-s^LjJl 


Jj^Ij o^Jlj 4 JLJUUI 

j»Lp 650000 Jl J*>U>- (Polar Ice Cap) Alkali Sj_~jJiiJ! c—<J 

cji <-ij . t \JAsJ>^ j jJO ^_aa» ^3 ^^Jl A-As* Lo-« j^_S"l ^-w2^J 

<j j Li 4_>J-»_1 j>- < 2 j I ^_aaJJ« 3 (_£ ^- >tJ o*Co->c_>j olia^>cji ^3 f-LoJl o ^_w_S" d->Lwo-S" 

^kji S cjr*J .OlJ-L>cJJ 

«L*_>j_-*» ol j^~xZ oLw« £_j ^3 CjI oJ-2s ^Joj »j->c-Jl ^_k_*-*> 


I130 ( j-o ^2?Ld^>c_>l O^lj c ^jJLsa^ ^3 oj 

^3 jjl jkjJlj ^JwwO-PxJlU 0LS* J-Jl O-tk^Ai ^jJLsa^s (l)j3 jLl*1 

J*>U- ^IS^JI y^LJl Jbjlj .L^Jl . (1134Xll33) jJl r l]| J ^I^Jl 

^jLLs^ d—>l^ LoJwo^ ^IkLojI ^1 Lw«I^j jL5” .A-w^LoJl ^»Lp o 2.67 

kL^jJl c L^_kLiJ JjJljkJl O^LjCL^Ij 0jJL3 O^J-^cJj 


S. I. Trevisanto, «Ancient Egyptian Doctors and the Nature of the Biblical Plagues,» (1130) 
Medical Hypotheses, vol. 65 (2005), pp. 811-813. 

S. Marinatos, «The Volcanic Destruction of Minoan Crete,» Antiquity, vol. 13 (1939), (1131) 
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Environmental Effects of the Minoan Eruption of Santorini Volcano,» in: Thera and the Ancient World- 
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W. J. McGuire, «Changing Sea Levels and Erupting Volcanoes: Cause and Effect?,» (1134) 
Geology Today, vol. 8 (2008), pp. 141-144. 
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La oIJ_& .yS\j-^\ ^Lp ^<>j>Jl ^jJ?a>u\ j t^^JljJjJl 

^jLL^? jl> j»*_> 11wU5”j t IwUJJj^wiIj t L^LjjJwiI ^3 t aJL>JI i>jJi>Jl 
j .iLs-si>LoJl ^Lp 14000 _Jl J*)Li>- t ol jZ-a ^-L*S” 5 ^Jl L^jlS"L^-wo c— 

(^Lp 10000 ^Jlj_>- ( Ju*3) a~JL><JI 4_>wLJ->cJI L« ®jJJl (_£JJl jlyi>~^\ 
o a/? i<JI j jj>c- s^Jl ^ y^-j ^ ) lJJ^T ^ Lois’jj ItlJD 

t Lp ^.Lp I*a_^L&^ . t IS ^»J I Lw^J! j_Jj>JI oL^.5 w\_^p 

CwLa j»Lp 7000J 12000 ^J_<-3 Ji2_>- ^^P oJ_o<_Jl ^-Slj-Jl y>*-aZ wL>I^J 
40 ^jS' CO 2 y~^ j-> ^.3 lwL>lj_> IJ_a JJL)^ .aJl^JI LL/? L) L> j JJ 4^>c-jL) 
^ j_pL 4_>wLJl>JI ^-o Lj ol jJls J*>U>- £_iJ^LS^-Jl i^LijJLs cppmv 

, (1136) JU- C0 2 Jj> jsLbJl 


<J>Li>- 4_)wL_L>eJI Lo 0 I yji Jl ^3 LujjoLJlS’ ^3 ^>LSj^Jl J^LjlJI J_>ljJj 
sUa-i^oJl ^Jl y* ‘L^jLcw^ ^oLoo coJ-^-j jJj IJ_a .^Lw^LoJI ^>Lp 800000 Jl 

(a^ST^VI SJ->cuJl ol/)/jJl) (Cascade rangers) Jo>Cuj wLiJ^lS cJu>JL 

. (1137) (Andes) jjJLijllj 

<L^j>- jJLoJl ^^1 y> c-Jl ( J^/2j>- 4_>LJL>j <l>-jJ ^j-P Ij_>-j-o iwi-CS” 

( /ys olpliJJL A-w^ 5 LoJl ^Ip 80000 Jl J*)L>- ^>&Jl ^ol j.+*5 oJg-Jjl 

jMi>- J^v2 -j>- L>-j_oj ^-LS"! j-nJ>-I ^oLS j_j J^LJLj ^ ^^-jLSj-JI ioCijJl 

£liJl jl (1140)(1139) 1979 ^ tA j LPj .^jUJi 15000 Jl 

^oLLo? JLj^ ^j-o 43*J-^Jl oJJLS” ^3 j . 0 j^S’ a^jIS" jj oljL^cjjj^y yaj>^ ( JojLp 
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W. J. McGuire [et ah], «Correlation between the Rate of Sea-Level Change and (1138) 
Frequency of Explosive Volcanism in the Mediterranean,» Nature, vol. 399 (1997), pp. 473-476. 
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oli c j-p <._J ^3 Lyg-j' wL>ljjLoJl ^jIS” j_Jl J^LJLxJlj j~J^>cJI 

."^ II 4 I ' > i^Jlp jJLj oy&UaJl 


cjl Lyg-j I 0 1 ^51 

d*j>cJ 3^^-ygJwoJ! d)| US' .jLijo'yi j ^^5"l^.Jl oljL^Jl 

Oo^l JLiJj . ai44 ) ai43)(1142 ) J L^;'yi ^ Jb>jl c_™~, ^jjdl cl* Jl jlS^Jl 

if 3 y)^ t A^**u 0 y***j ^ LS" y^ ^ j-*_> jjji jjdi j' cl)I OL-jJ SwLp <. >jL>cJ 

^ oljL^I cl* (Jk^o ^ /n48)ai47)(„46)(n45) jW .^ 1 ^ ^ J| lJu& 

£_£j 4jwLJj>- J^JgL w 4 ^3 ^J_v2_>cJ I <U^*wo^Jl OljL^I 1)1 j_^P C ^l_>t>J 

jUa^j'yi c ojl^yaJl o-Xpli ^Jl 0 oL<Jl Jj^Oj 
^ 3 OJwij>- C ^Lp ( /^ol>La 5 J_La <Lu 15 J*S\ OljL^Ml ^Jg.x^d 1)1 JJwO . 0 J_> J_2j 1 

4i>iJLwvwoJlj jJl 4 _>wLJj>cJ 1 oljjjJl J-*_> (Ice Capped) J-dj>&Jb oUa_*^ ^S\y 
4jLl_*JL<>J 1 cli-lj (J^ 3 0 J_jJ_J iJl jUa^jVl yo oljJL9 O yo$ Ji3J .^j j^sJl jlj^-^l y* 

^jJgLL« J>j_9 JL^jI i3Lla oLS'j .LS"j-wol Jg-^ij c 1998 ^Lp jLyg-pL> 
2500 <2j yA L^j 1 ^pIjL^o ^3 Ilww*»LS” 1)15^ jL^jli c 5 yy> 


(1150) 
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Frequency of Explosive Volcanism in the Mediterranean,» Nature, vol. 399 (1997), pp. 473-476. 

B. Van Wyk de Vries, «A Gravitational Spreading Origin for the Socompa Debris (1143) 
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J. E. Clavero [et al.], «Evolution of Parinacota Volcano, Central Andes, Northern (1144) 

Chile,» Revista Geologica de Chile, vol. 31 (2002), pp. 317-347. 

B. Van Wyk de Vries and P. W. Francis, «Catastrophic Collapse at Stratovolcanoes (1145) 
Induced by Gradual Volcano Spreading,» Nature, vol. 387 (1997), pp. 387-390. 

A. M. F. Lagmay [et al.], «Volcano Instability Induced by Strike-Slip Faulting,» Bulletin (1146) 
of Volcanology, vol. 62 (2000), pp. 331-346. 

V. Acocella and A.Tibaldi, «Dike Propagation Driven by Volcano Collapse: A General (1147) 
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G. Norini and A. M. F. Lagmay, «Deformed Symmetrical Volcanoes,» Geology, vol. 33 (1148) 
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L. Capra, «Abrupt Climate Changes as Triggering Mechanisms of Massive Volcanic (1149) 
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K. M. Scott [et al.], «Catastrophic Precipitation-Triggered Lahar at Casita Volcano, (1150) 
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o!jL>c_ajI jJLs c LS"^jLl> 

j 4 J»I ^ t (Bering Straits) JpLi^ J l$y >-^Jl (Pavlof) jlS^j 

C Jg-^-ygJj A^*/SJL>zI*A AoJfijlj I . 4j^LS)J <L*JLj jS>- 

1 *L<iwJLL^i 30 jIwAJLoj c 3j_LsL> cj js>- oLwoJl ^ jLL^a Ja_k.yg.Ji ^9j AJLd 




2)15^JJ ^Jwo->cJl Jakyg .^51 oLjl jIL*~a c—fl.yg'^*Jl C L - J 

jJ-oj . <*—>j_o^l Ja_ky 2 _> oLw-^l cl)^ j>c^ 3 ( JJLa c_5^“^ c5^i ®^-g-yg-LoJl jjj>c-yaJl 

1700 ( J-v2j>- jL>c_a-jI 3000 -J j-o-Ji ^251 cJt^->- 

^3 iw-5J^g*- 4«ol5j-Jl o!jL>c_j 2_>*^ j-* jj <u! c 1990 

ol5jJ>cjJL Ja_o jA I Jl& j . ( j-*jL« /jtalj o-3j_> /^ytJl ^j_o La o 

^3 ^jI^ ^Lyg-pl) L)^J-cJl ^^s>-j . oljliJI ClgQa^j>c-^J' ^_a oLw^JJ 




>! cNjNj 


-_J (1)1 ^j-SJow) (^s_ygJl 


^_~JuJl 4A 


(1153). 


d)^j2-o .JL_ft d)^^j Lak^P cl^° (5^^ cl)i^A 


(Jj^jJl JgLdLa jjkJl iJ-& J-Lcoj t J-Jj>dL 4 _ 1 ^>J>C^>J 1 jJl ^\J\ Jj-k 

(1)15 . jJ>-l 0 j-a (Jj^/jJl j-yg-J J ^jVl kj jJ t J-J->cJl (1 )LjJ^ £-aj .wL>ljJLoJl 

L3^i ta ^W c "^ ^cJ^LLyg Lo.frJg.gj ^jLLaIzSa kJl_o»jJl 15 j*a\ (Jl_o_Jaj (jLo-Ja 

cl )\j c CwL« ^Lp 14700 d)L>jJJl> oJ-& aJl>JI olJ-> .ol jja 5 

.<11 55) (1154)JjVj gUj oNl 15^=1 JUJ.j IjJg j ^\j 

L>CJ 4_>J-Jj>cJl 0 J-wvJwljjJl (1)L> J* (1)| 


J-J-PxJl cl)L jjJl ^cJo 1 C 

Jl* 7.2 oJLS” ^JJl 1979 JljJj 15L.MI ^y^r J 

(Rocky J>j jJl Jl* ^jJgbw« lx& 

.LJLp Jj^/j jiai- 1 JjJu J v-JVl ^j (Andes) j_>JJ^lj Mountains) 


S. R. McNutt and R. J. Beavan, «Volcanic Earthquakes at Pavlof Volcano Correlated (1151) 
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B. G. Mason [et al.], «Seasonality of Volcanic Eruptions,» Journal of Geophysical (1152) 
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W. -N. Wang [et ah], «Mass Movements Caused by Recent Tectonic Sctivity: The 1999 (1153) 
Chi-Chi Earthquake in Central Taiwan,»/s , /a«t/Trc, vol. 12 (2003), pp. 325-334. 

N. A. Morner, «Intense Earthquakes and Seismotectonics as a Function of Glacial (1154) 
lsostasy,» Tectonophysics, vol. 188 (1991), pp. 407-410. 

P. Wu, P. Johnston and K. Lambeck, «Glacial Rebound and Fault Instability in (1155) 
Fennoscandia,» Geophysical Journal International, vol. 139 (2002), pp. 657-670. 
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42a^_lLJl jjJl^jJl yy oj^-yg2 lLoJ' olJ-L>cjJl j-* f-XJ^ Zj>~\ z\j 

.cJL^>cJl jl jJLl^J ^>J-p jgLx_yg-j^ 1 1)1 >Nl t Lajj-* 

J js>- 4.^51jjLoJl cjL^_* j^jJl ^j* o^-w-5 c jL^ LSJ d)l <L>^JiJl Jj^/>U yS^^jj 

oL-oJl d-*J>cJ ‘Lw^j'yi CjI J-L>sJw<JJ y^L&Jj .Zj^ZjjS' ^Jjla t A*-wdjJl ^IjVl 1-3 L>- 
L>cjjcjU^^-jI c2*-*-o 1 cLLLj J^-o c Ij_w5 J-J1)1 I^jUI 

^Uj jl (1)15j .^-dj^JJ ^^jJl J^-LJl ^^Jlp j»Ip 8000 J^J (Storrega) 
(Shetland Islands) JJMcJ. jy>- Ujcp I yz» 20 (Storrega) L>oj y* 

. (1157) ljd:j^-V J^Ul ilJLi.1 Jlp jb>! iu-j 


^>c-Jl ^f-]g„*Ai ^ y^~j* t ^»Lp 14000 J_l->cjJl ^>s2u3j' 2)1 -Ajwa 

JjJlj-i)l la,«.x.-) ooLwoJl 1 cil^>Jl oj>o ^LpI^ c I y~* 130 ^>o 

oZj& ^J5 ^u>- *J*j ^^51 j^-1 <51 y>- J y>- Jj^J J j.*/??- Jju>- 

J-5j>- <u>c_5_^ 5} .^j»L 51 ^j-o 5 j_p 1_j j->e_; d-^>cj cjIS^jJ J jJ 1 

0->^" j_>>- ^ <bjis ^j! ( _ r Lp C~~J ^ L_JaiJl 

14000 Jl (J^L>- jjj>cJl (wJaji.ll <_jj_p J-Jj>Jl Uj <_j5 jJL)j .aJl>J1 

c jlJl>&JI ^JLo ^1 (_£~lJj>cJ! j_v2_*Jl j_laj ‘Lw^JoJl ^Lp 

dJJi ,^Jj • o^l-AJLa jj>cJl ^Ja-^» (_£^)Cm-<J LpL&jjI 5w*j> ^J^2j3Z>j 

UljJj UjUL) 5Jj>c^ Ju> t iw^j>ci 4 5> i >tJw<J 1 4_5 j-LJ1 JJ>1jLl<J 1 iJlijJa 
(1) jjJl J^“ljl jl jjj>-l 4_>c-Jo 4^Lo»^Jl 0 C^wwvwJj J-wjJl ^J-P ^3 lw\_>ljJL« 

^.^c-JI la «ai ^ ^^ ^ 3 1 130 4»o 1 ^ a 11 I ^ ^^j t ^ «-v—11 

, (1158) ^SM ^jJl>J| ^J| 


^j-o (l)LJa^M yj* oJ^Ju jj ^jjJj Jw_P 1 c ^LwoJlj ^5JaJl ^3 OI j^-xZ 

yjjZZZ j-^-Zi (1)1 *w3j^*_<Jlj .^^s^jVl oj5Jl ^yL^aZ CjJ a^j>c^<Jl J jj>- oLw<Jl 

o^5-U ^JLoCJl uly2-J1 J .wbl^cJl oLowUJl JaL5j <S^3j j-& jy o-3 ^_j /^Ul 

( jjs Ulp -Aj^j (^JJl ^j2jj 5J1 ^j.^jJa.11 <LvaU>o 1 jAss>- j^Z Jl l-i-ft -L*j tA^s^j^l 


J. P. M. Syvitski, M. S. Stoker and A. K. Cooper, «Seismic Facies of Glacial Deposits (1156) 
from Marine and Lacustrine Environments,» Marine Geology, vol. 143 (1997), pp.1-4. 

A. G. Dawson, D. Long and D. E. Smith, «The Storegga Slides: Evidence from Eastern (1157) 
Scotland for a Possible Tsunami,» Marine Geology, vol. 82 (1988), pp. 279-293. 

J. M. Sauber and B. F. Molnia, «Glacier Ice Mass Fluctuations and Fault Instability in (1158) 
Tectonically Active Southern Alaska,» Global and Planetary Change, vol. 42 (2004), pp. 279-293. 
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^<1|*_£_>Lu_> ( y<^ a oa_S" tali .^15 j*S\ J^LijJl (Jj^jJl 33 jJ 
j-%-^ wL*J *)L3 c dlJ y>- 4jL^Jl j_> ( /^>s c_^_P^Jl ^a c jJa_>JLj jl 

.<U-Jl ^ y> Oij~^ 

^XJ3i^SC^Uli djj) j ^\ y Lftl 

j^iJl cjL^jj-1^ y (Milutin Milankcovitch) ^5o*>L^ jJl^ ^Lp! 
^ vwo_aJ 1 4_*_JM (jj JUi> C 4jwL-L>cJl j y^x]\ <LJlS ^P jlStal 4 _pLvs^ ^v^LoJl 
c5j^ L)}j c dF 9 -^ j-^ O^ 5 

^jJu>Jl ^Ja_l)l ^uJ JjJj .ol^JcJl lw ^ (Rotaional Forces) aJIjjaJI 
^3 AjwCJj>cJl ^j[,a,*/? ll d)l t d/ 0 d.->1 jJ^x J y>- s-lla^j 

d)l ^ij3^1 .oJ^U/2jj c^-oJ j5 cjIS" o^SsiJ ^JL^-jaJI c-AygjJl 

A>taj ^J_P ® J-'Li ^3 CURLS' d)| ^ ^jJl ^Lp 1 j_A JjLyijJlj ^_ojJl 

<L_> ji ^j-w<>-*iJl cl) c <1 )Lp-V 1 ^as . ^-LaaJI ^3 ^_SJ y ^-Ul ^JaJIj J-Jj>cJl 
Lv^L^>cjI ^iS'^lj JbuVl d)L»jJJl (jj-^-^3 s-Lo-wvJl J_ta" ^3 aJLpj 

. (ll59) r lp J-JO La Ip ^5*1^3 l i, A+.+0* 1 Jlj-t ^Jllll ^ yj 

Lr^ £jLr4 j-f- 3 c Wj-^ Jj-^ jj^ 

^jVl ojj3 J^cLmJj .(0.058) U^Jta ^Jl (0.005) ly^LU^\ 
<LiL^oJl cJj~o 13_aj c 0.017 (1)^1 <l^>c_LwLa *)J 1 4: >-j2 c^t^v 5 1 aSj . ^Cwwa 100000 

^£?j % yi ^cJg-^a L^>JjL^sO ^aJI 43 II 2 JI jljJLa 4 _>c_*AAJL> j^xjj C ^-vwo-jJl 

J -*_1 1 <dg_aA.ll ^j_o ^LaJ La JJ-P */. 3 _j j J_aJ O li *!)La>“ V1 oj-&j .4jlJjA>c-a ^Ail ^_a ^3 
(1)j : 1 : ^ 1 j-j>) L^-Jwa ^Vl 4_la_ajJlj ((Aphelian) j^Jl-sJ!) ^_p 

*/.6 ojlJ-La ^-Jco (7.3) (jjLaJl Ula ^x-ij .((Perihelion) 

j 1 ^1 wLa La_i_.P^ . j^^ y Lo j ^ LJ1 ^ 1 JgL^wJl 

4_LoJl ^3 30 _ 20 W(J^ ^3 ^L^o-^Jl iSUaJl (1)C 4 _^>c-Jw^La1 j^5"1 

1 ^ •OwL^-_nO ^ 1 1 4_3 Ug - 1 1 ^3 4_)^^wdl ^ l^»wX_31 jJy) . t_)^»»J^31 ^j^a ^^5* 1 

(Accentricity) 4_»jl.uJl i>j5^Jl ^ jlj .^LJl ^ ^jVl 

^J_P OjLS" c (1)jj ^3 C 2008 j»Lp .OjjjJl ^a (j'yi 


A. Berger, «Milankovitch Theory and Climate,» Reviews in Geophysics, vol. 26 (1988), (1159) 
pp. 624-657. 
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d-oLS" (. Oy^ c ^S" 147,100,000 ,^*_^>wdJl 

-Lj^j (j.LS' ( j-o*)^ s 5) ^iLwvwoJL (3<1 )}j . jZuo j_L^S" 152,100,000 

I^1 j_L*S" l)j-^ 3 5 ojlJJLa 2)| ^j-o 4iL^w<>Jl ^J»p ©y o jjLs' 

.^IjwoJi o L^oJjdv-j I I 43 Q 2 JI jlJj^ ^ I J~S 

c 0 j5^U ^3 ^Jl c j»Ip 9000 ^JlJ-*_ j j 


. <uJ-P j_& Ls C_3*)^>cJ t Lgd* ^JjJj>cJ| C^lv2jJl ^3 


j j->t^o <— 3 IjJ>c_j| j_& JwwoJl U_A jjj . ( JjL« JJj>t-fl (1)J 

c 23.5 1' 1 Iw\_a ^v—^^****^ ^ | 

J- 5 ^-! u^J^' Jj-^ J^= oIjI^laI J-a>cJj .21.5 ^1 24.5 ^ £\iU: 
^3 ^JajJlj Ja_>- ( /^o (JjljjiJl ciiJj-jj ^Lp 41000 ^J^S" 0 y> iSjJ^ 

iSUaJl ILoJj 



t 4_w—«_4JI oc 4jjljil olj-Jjjdl j-j SwO' jS. J5Ly> OljJJ jjyJi ! 20 J^^Lil 

isLijJlj j^j'iLwa CjIjjj -OL) .i~wilil j^JJ.1 J5^>- ^Ldl oIjjjj 

.Ji^l 3 j»Lp j^^JuJJ oljja 4.*,..laII ol^-ll *jz&j _»-4JI 

_j *_jjj5lJl ITa ^jj .Laj y>^ J y>- I *_jjj^o 

. (Spinning Top) ((JJlJ' 11 j\ iS’ y>Js i^jL^o a 5^ ^j (Precession) 

((Polaris) ^JLo-^cJl j^z*j 
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l L*— 3 L^-Lp c^JLJLj^ c L*— 3 ^>>cjJl aSjLJM 

^^_>c_^J AJL-Ja«Jl Aj-L>-LJ| o-La c,*.% +/j L)j |*_>c_l)! ^-A >eJ-)I 1-La ^)1—JLpI 

i)\j .4-0 jJL Jl <S\ ^SLD ^oL>sJl 0-o>c--*Jl ^Jl 3j_*_> 4 -^aIpxJI ^ jJ>cJo Aj jLLa I 

4iL2>} c j»Ip JS ^ aILo jIjJLo c^Ip 21000 IaJloI ojj^ j^-JJ 

o 1 ol j-^ijJl j-o-aJI a^_oL>- ^Jw^-jj I-La .4_w^—*i j-oJ I c^l j_) LLlILj oLlJLoj 

^-L>j ^^aj^LJ t t-li_]-L j A3^o-JLi_) ^_^_> ^_J l)|^ I oLJuJu 

. <_>-L jjJl -L-LJi ^yw 

US' LIS' il c ^LJl jjj^> o-La (-ia*LLll ^Lls^.Ssj*5LoJI j^3 d)J 

l a Lwo—1' (^ ^4-5 ^ ^ v-^>w—m 2 1 l—o— l-p^ .o^l^i^' ^»—S'I jj>cJl ^_) LS" c —-21 ^ J < o j3 1 

J5G Ualj 1412.9 _J <jjLv-a a-p L-Jo^/1 AiUaJl oj-SvS tLg-L* oj^JLILj aLI y^y \I 
Ja—*>jL<»Jl . (<1 )jL— si) ^ y* y* ^J-SD Ualj 1321.5j (L)j-L-£j^j) 

^.Lp jIjloJI j 12I ^Li_> I-Laj c ^IloJI ^3Lo ^3 ^-4 y# ^JlSD Llalj 1367 

^3 ^Ju ^Jl i2-0>C-oJl 0 L 0 J j-^Vl 4^—*jJl ~O ^-^03 j-«l J_Aj .^vwO-aLJI Jj>“3 ^^3 

C 4-^^*—■<>—-»J 1 AiUaJl ^aLoJ ^Jl ^A oLLl oJla ojj .Lvaj*)M 0 j5\JJ jL>cJ! o_a_v 2 L)l 

i)j£j L-lJp C oto^'yi ^/2_*_i ^3j .Ol jLJ ^J^SLu (Jja»- L^S*j>UJ L^J^l>tJJ 

I -Loo C c_J IjLoJ I *—*i ^Jp) 3 j-A A^vaj^l 0 j_SsJJ ^JLo-*lJ| O-i-ygJ-il ^3 O-fl-waJ \ 
pIllJI OjSLjj ( j-tS*)}\ ^-oJl j -Jlo oj-L-lJI j ^p 

lM ^c-1lU ^j^-oo jj^>co3 -Llp c cJLo>Jl *» ^i_p) Il33 ^LS"^! 

oo-L-LJ! t LJL>-j .‘L-vaj'yi 0 jSsJ J ^U-^Jl ooLyajJl ^0 l^s ^jJal-Ls ^ji 

j-oJl Oj^o N c (^wUl>Jl jjiaJl ^ Ja^3 j-A Jl> 

<, ^3 c-oLS* LoJllp aj>-j 3 o| Lo-S" t-\Jo>tLU 0 L-^_^ aJL>c_> 

iilLA otS"j c(^>j-Jl A^-j3 23.5 4 -^~j 3 24 c-olS* 2r° 0^5"^ 

/ j ^ ^lo j l—l 1 1 Ja L2—]! ^^3 ^3 ( JI /.6) /.7 

.^Ip 02.67 -LLj ^LuJl ^3 A--^-jj *LJ—j LL>ILL-x-oL>- -L&J 

o|j .La^Pj -L-Jl>JI ol j—L- l3j c Aj jJat (Jj_v2jaJl ol o-La 0 -L<>-Jj 
cJI-Ls^ 5 ^ ( j-o>c--~S"VI f-L^o^S' ^3 l-Lo>- aLjj- 4 ojl^>cJl A^>-j 3 Ja— •>yj* ol j-o*3j -Lvij>iJl 

, ( ii6o)(Foraminifer) (Ij*>L>JI olJL^ j) 


-lJl>JI 




L. E.Lisiecki and M. E. Raymo, «A Pliocene-Pleistocene Stack of 57 Globally Distributed (1160) 
Benthic 0O 18 Records,» Paleoceanography, vol. 20 (2005), pp. 1-17. 
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( _ 5 -9j <• ^ LoJ 4 jJL_L>cJ| ol j^L«JLi 4la.7 

olol j—£J olo^l SAJIS’ ol>l^xal yi\ 

1 _sit »Ip 100000 J^J j- 0 4_i*>ti-l) iais I jlJLa 1^5 ’j4>o oJ-^S 

. (1164) (»Ip 21000 JiC oJuJCj j*U 41000 JiC jLuJl 

t <Li>“ljw<>Jl oljjjJl 5_yoL J--JI ^ jl jl-uJl ^J> o \ jJ>x->')I I (jl 

4_>^S"^o-Jl ooLi^IjwoJl ^Ug-j *. >L>cJLo>I oVl 4_o^ 900000 

.(1167X1166X1165)^ 4100() j^, ^J, o)jji 


->Li*!AoJ>-'y 1 ( j^o 4_p 1 


^Lp 900000 JL^- £LlJ| 


Jo ^Joil IJL* jl tl ^Ul Jli (1168 ) j^JL; o-LJlJI ajjSj^J I 


_>li ^LO—^_ll jl^_5s_; ^_9 _x_X_ll lo_& 1 .__ 

( xJJgJ 1 jL^p ooL<i-Jg 


^^3 Lg-c_^J 1 oL jlio 


olj . (1169) r U 620000 
uL‘ jULJj . (1170) ^UJJ 


W. F. Ruddiman, «Orbital Forcing Ice Volume and Greenhouse Gases,» Quaternary (1161) 
Science Reviews, vol. 22 (2003), pp. 1597-1629. 

A. Berger and M. F. Loutre, «Theorie astronomique des paleoclimats,» Comptes Rendus (1162) 
Geoscience, vol. 336 (2004), pp. 710-709. 

J. Tian [et al.], «Astronomically Modified Neogene Sediment Records from the South (1163) 

China Sea,» Pleooceanography, vol. 23 (2008), PA3210, doi: 10.1029/2007PA001552. 

M. A. Maslin and A. J. Ridgewell, «Mid-Pleistocene Revolution and the «Eccentricity (1164) 
Myth»,» in: M. J. Head and P. L. Gibbard, eds., «Early-Mid Pleistocene Transitions: The Land-Ocean 
Evidence,» Geological Society London Special Publications, vol. 247 (2005), pp. 19-34. 

N. G. Pisias and T. C. Moore, «The Evolution of Pleistocene Climate: A Time Series (1165) 
Approach,» Earth and Planetary Science Letters, vol. 52 (1981), pp. 450-458. 

D. Kroon [et al.], «Oxygen Isotope and S Million Years,» in: A. H. F. Robertson [et al.] (1166) 
eds., Proceedings of the Ocean Drilling Program, Scientific Results 160 ([n. p.]: Ocean Drilling Program, 
College Station, 1998), pp. 181-189. 

W. F. Ruddiman, «Orbital Forcing Ice Volume and Greenhouse Gases,» Quaternary (1167) 
Science Reviews, vol. 22 (2003), pp. 1597-1629. 

R. Von Grafenstein [et al.], «Planktonic 0O 18 Records at Sites 976, 977, Alboran Sea: (1168) 
Stratigraphy, Forcing and Paleooceanographic Implications,» in: R. Zahn, M. C. Comas and A. Klaus, 
eds., Proceedings of the Ocean Drilling Program, Scientific Results 161 ([n. p.]: Ocean Drilling Program, 
College Station, 1999), pp. 496-479. 

M. Mudelsdee and K. Stattegger, «Exploring the Structure of the Mid-Pleistocene (1169) 
Revolution with Advance Methods of Tme-Series Analysis,» Geologische Rundschau, vol. 86 (1997), 
pp. 499-511. 

M. A. Maslin and A. J. Ridgewell, «Mid-Pleistocene and the «Eccentricity Myth»,» in: M. (1170) 

J. Head and P. L. Gibbard, Early-Middle Pleistocene Transitions: The Land-Ocean Evidence, Geological 
Society (London: Special Publications 2005), vol. 247, pp. 19-34. 
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0 j_A 4_> jjJl j t^ilwLs^ 5 ^ I ^3 C Jj LlajJ 1J C oL^a> 1J C 4j 4_ol 


.L^L^l L)15" 


(1171)- 


4JL3jJl _ 4jwL_L>cJ 1 O y ~}>I _ oljj^ 


ol jfxjk 1 


(lignite) ^ j»Lp 100000 J { J*si oljj:> ^LAi-S'l j*J 

<2*Jl5jS\j . IjjJ^jJ ^3 ^Lp cl)j^La 25 ^Jl ((_£^^>«Jl ^->&j5J1 ^ j^) 

C <ULwo-*Jl ^>c-Jl oL^3 t^_3|j-v^^/ ^ 1 g-L^o^S" ^jA <^y~^j^i^K^A oljj^ 

( jiji3oljj^ dolS" ( Ju^_s <^_3^M oLu Laj-o-p £-Lo ^xJl lLUj ^ s> ~ 

j_v 2_*J| ^3 ^IjwoJl o'y yS>rJj 4_Lw*< 100.000 LaJ-^I Oljj.5 (J*)Lj>- 'oJuLJl ^A 

ojj^ oJL.Jg.-jI IJj t(jL>- (j\ ^^_Lp oljjjJl 0 wL^_ 3 ^^JL>cJl ^oJlpJI 

jl ^>-^1 4 _*j j^J ® j-w23 Ol^X3 iiLwA J jJL> -LAS t ^>-1 (3^jJXSjjL> *)L^a 

L>-j-v^j ^£"1 *Loj£Jl jUI J^SLiaaij . J ^o'yij 

J*)LJ>- ^->c-Jl ^r-]g *Ai ^ jJL^A ^j/2 A >Oj . Li^T 0>ljj.i (J*)Li>- oJ-P ^-A L^w« 5 ^-j'yi 

J Jl (jSjliJl ^jyjl ( j-« o J~r* (JL^ 3 J- 4 LjjLlJ V I Ij-A . J_L>tJl 

JpL/2-g jJ_*J c_3 J-^J .^jVl jl-Ca j^xSjj J^uLJl £-4 jjJj C Jg^>c-oJl OljLo ig^o-J 

j t (Toress) t(Bass) ^-*>L> c4j^Jj>&j^n oLJLll 

Jg-^il yJ Ojl jS> c_U £_JJ yJ <oLpj J»-j3 C jg^-g»c^oJ' dj|jLo 3 J 

yA IwLj^J (1)La^5s-*_J ( j_>wL}|jJLoJl J-J->cJl (1)1 yA |t-P jJl . O Ug-^>C_X>J I 

^c-U^aai 4_vgOwL>l^LoJl ‘Lwo.SUl (jl ^| C g-Lyflj2.il isUaJl 

.4_*^Ail jJl ^IjVl O^La ^jA g- l.ygja.11 ^Jl 4^J>-1 jJl 43 LI 2 JJ ^ 3 ! ^*»ISL*j 1 L^ja 


^Jl ^A j^i^k^A Ol JJ$ (1)1 ( /jJ^2L*Jl (1) j^J 1 oLJw^-^aai ^3 1-X3 ^P 

^oJ>- ^3 J-^l j-A J . ^Lo-^-'yL; <lJ^P y-AZ-A lJ_Aj .^LwoJl j^xa CJ 

oljj^ (1)1 jwLo Mj .^JLJJI j^jJI OwLjJ_><J l oULJl Cj 


J-^_3 C 




LSL^JI, 


ja jJuJl 

Jl! 1 JgLlJl L)|j } ) J-U t J *jlJ <^3 LS" l-A-tg-j ^j^JLS jSLi^k^A 


S. M. Joannin [et al.], «Changes in Vegetation and Marine Environments in the Eastern (1171) 
Mediterranean (Rhodes, Greece) during the Early and Middle Pleistocene,» Journal of the Geological 
Society of London, vol. 164 (2007), pp. 1119-1131. 

D. J. Large, «A 1.16 Ma Record of Carbon Accumulation in Western European Peatland (1172) 
during the Oligocene from Ballymoney Lignite, Northern Ireland,» Journal of the Geological Society of 
London, vol. 164 (2007), pp. 1233-1240. 

G. Roe, «ln Defense of Milankovitch,» Geophysical Research Letters, vol. 33 (2006), (1173) 
L24703, doi: 10.1029/GL027817. 
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d)l Lo-S" I^j2j>c_> d)l L^lSLaL ^cJjJI^ J-J->cJl SjlcJl 

^vw<>-aXJ| 4 JLI 2 J j_^_S"l L^aLSL*_>l (jLw^o ^jS-waJl d)l_>jjJl ^ jJLdJ I ^JjJl 

4_*_>-lj A-EUs? OUljJl J Aj C dU JJ Lyg-^fljJ . Lyg-jJ 1 l_PjJ>-J 

.jj£j Jil ,U^il 


(j-a dlljjA <Jdl 

^ 41000 

Jl cjljjj el.iL} 

,|| ^ 100000-7 I 

IlkrliliL'riiTTTr.T 





4 3 2 

ldix (jj null ^jjjvLc^ (j-a^ll 


Sj>L p 3 bljjLil *c-w-o ^Lil j^-a 0 j-w»“VI ^Lp I^j^Lo djd*Jl ; 21 J^LdJl 

! JlUuJ! 4jIJo Jj-aj .j»lp 100,000 Jl 41,000 L^J-a ^1x3 j^j'^Lya oljji ^3 ol j-Joj 
wJo ^aIIp ^.a L^S*) oj!^L l a^j.3 1J^ - ® jir^ ^-JL-a *doU" c j>lp (j ^ La 2.67 JJ 

Sjj^ ti! 41,000 Jl olS j^j^Lya ojj^ j .a j~Ji i! j-j-p Jjj>ejJlj ( c l^>t-^5 , *bn ^.JaJ 
^3 jl5* br j^(! ^Lil jlj . j»Ip jj»l»p 100,000 Jl oli ^^3 j^j^Lyo 
3jj-a |*_PjJl A-_P“L>“jJl Oj-wJJ ^ .,1a, 11 4J-3.3 ^3 j-^Jl jlS" Lo JdP uy* 

.(JLdJl (—.,Ja,gH jJ->- ^jLLyg 


Aj jl-LoJ 1 d^LJ_>JjJl (1)1 ^3 ^LX3^5\j*l)Lwa Oj_jJ Aj^J i_) ^3 aISLILoJI ^o«SL> J_i 
Lr^ _Jjj 1 isUaJJ aj^LwmJI ^Lw^SvJl (1)1 j c ^LwoJJ ^Jl iJ^j>c_x>Jl ^a 

Oj^jJl d-.-v.* 1 l ^ j 1 ^ ^ 1 —^ 21000 (j-a-L’ ^_A 4 d_ v ^j % yi 0 ^_^Jl ^o 2 _v 2 _j 

^JJl ^L*-Ja^/1 jljJLa ^3 j»lp 41,000 Jl OjjJ jj^jj .*d*^ojJl AjJ»Jj>Jl 

^Lp 41000 ^jA AoJ-Jj>cJl oljjjjl dJ Jj>cjj . ( /^JajJlj dol jJda'yi ^IsldoJl ^Jj>-Jo 
.A_>J~^>- ojjj ^ Lp 41000 -Jl ojjJ J_*_j ^Jj •^1-^' <1 )^Lp 100000 ^Jl 
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.3 j w\_1 I I 4 JII 2 JI ( /j>J L> jJL> ^JaDwJl jl JJLjl ^y» ^S *jJl ^L*_3 ^I^LJ 

jJl 4_>jJj>iJl OjjJl OjjJl oJ_& (jU t pLp 100000 -Jl 0jj3 (_5^ ^j^jVl 
oljj^ ^ ^I ^ (>Lp 100000 Jl ojj* l)Sf ?liLJ 

. ^Jjl J ^>0 (jl i*_^_*_vJl l)j£j Jj23 ^jlJljj C Cj*yJ | 


43j*-a daljjJ 

iAj^ 

jjjdLc 

i /j** 

ai** uj4* 143 


fc*. 100000 

L?j'^ 

^-41000 


21000 

^JOLOJO) 

1500 

> 

^-UlAXAl 

^ 210 

> 

/—UlAlJl 

<1^87 

> 

fjt UiAiJi 

<±*22 


*±» 186 

> 

11 


2ljJ Jlj 4-™o-Jlj 4™i3^5^*>Lllj 4jj^>&i! oljjJl ; 22 Jb5Ul 

Ol^3 al^j V Lo . <L^j!<U jj3 OlJ-^-P ^3 Lgi*LoJl^ C^l^-Ul j-s_*Jo 

. CO2 ol^Ju 4 ^^JJI ^LLI <uLL* <u>-Ilo 

100000j ^Lp 400000 ( /y> ojj3 jIaJ <£ JJ 

^Lp 400000 Jl ojj3 1)1 j-wP c (Jj_Ul ^_3 (jLojLaJOs ( j-ojjjJl Ul5 1)}j .^Lp 

^l_P 10000 JS >Co jl ^Ijwfl . ^jjl Cj> t)\j>C-wA» ^3 d^-wvJ 

l)|j ,iw*-w*Jl j-& l)j-5J 1)1 ^jJl ^JJ^IwJl ^wvwowjJl ^L*-J*^/I ^3 ^^*_Jl 

(juLu^i i)i jj* ^sL)'^h*~a 4j jj-L) ijl^>- 4_>-^y (^Ji j^j^-A^-Ji j-^'yi 


IPCC, Climate Change:'. ^ twow?.H IPCCJl JjU- c jLj» ^j-£ IJla jl C-JjJs 1J (1174) 

The Scientific Assesment, edited by J. T. Houghton [et al.] (Cambridge, MA: Cambridge University 
Press, 1990), 

.^xi^txii^ c3L.L0.f- jt <_ij ji i,^.9 Uj t l&ipcc ji ^v?iJi 
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(JtA_>- DjI^>cJl A>-j3 ^_9 oC jI j^xJ iil-L&j .4JLoJ ^_3 J-J->cJl <jl>j3 Oj^u 

oNLiol 4^-3 <1^jJj>- ^ JJl ^jJL*^woJl |jj>- 4_o j3 ^j»Jl CT^ J ^I Jjj CcjLio'yi 

.Ojjlp W 3 

C ^Jj>“lw\Jl ^wvw^lJl ^3 ol(j! ^j2J3J-SJ>A-w« ojj 3 j-^-> ^ 

*UL^iiaJl olLg-^3 l] j_>o aJ^ I (L)jj C A> J_Jj>Jl jj_v2-*Jl ii j_>o 

oLLJ j-wjj O-WS^J L^wvwOJ L_>“ljw4 I j^xZ ^Jj>-|jJl ^3 IwC^- 

135000 ^Ju-_s ^J -*&«>- J-L>c_} 4 _jL^j d)l t dli.5 asLs^I 14_l_v2-<L<>JI |*_>JjJl ^LloJI 

Zj\j^xZ A^3 CjJj>- (_£ JJl A*^J_> 0.3jJl ^3 ZjZj>*lj ^Lp 
.<~JlS i^_3 ^ UlSvJ . j5sj*DL^s 0jj3 C->L> Aj JJo ^l)v<Jl 


jJl^j . (1175) JuJjl. 


(1176)„ - t. . 

OwU JJ>- A> jJ2_) 


—> JjJ 
Diffusion Wave) 


(Resonant aU^ jLl^l ^\ jSL*\ 

4—o_j J_fiJl ojl ^_>c_Jl d->Lj>-j3 (1)1 

t ^LwJl ojj 3 oLp J^s Aw^LJI j»Lp j5.3 Jl JM>- (Palaeotemperture) 
oJjJj>Jl A^iaJl oJ_gJ d)Jj . j»lp 100000 Jl OjZS SUoJ i ojj3 JlSCJ A^jJl ojjJlj 

. <\J j-L>c*<Jl j^P Lgjb 


(1) J J_*~a 4_*^ 

^5-3 J-jl (^j_>cJl (1 )j_Jj_SsJ| Z-y^S 1 j|jJL*J 

jZy .J *A_3j t oLw>cJl ^_3 1 j_j! ^jVI (l)ljj3 ^^-3 Ol J -JtjJJ (jjj • ^L)woJl 


JljjjJl J ^3 ol j^kJl 4P ^oJ>c^J 0 j£o jJ 

ii^j—tOjl— aJI 


lT^ 


(LunarTide) juJI ^y= 5 j_<>jl™JI isUaJl jlj . (1178) ^U^Jl ^ 

.(1) ^iJl ^3 ^Lo U 28 ^JuJ C^j'yi Jlj_^^ ^ ‘ l-J^->c-^J 1 ^-3 


D. B. Karner and R. A. Muller, «A Causality Problem for Milankovitch,» Science, (1175) 
vol. 288 (2000), pp. 2143-2144. 

R. Ehrilch, «Solar Resonant Diffusion Waves as a Driver of Terrestrial Climate Change,» (1176) 
Journal of Atmospheric and Solar-Terrestrial Physics, vol. 69 (2007), pp. 759-766. 

W. R. Kuhn, J. C. G. Walker and H. G. Marshall, «The Effect on the Earth’s Surface (1177) 
Temperature from Variations in Rotation Rate, Continent Formation, Solar Luminosity, and Carbon 
Dioxide,» Journal of Geophysical Research, vol. 94 (1989), pp. 11129-11136. 

C. T. Scrutton, «Periodic Growth Features in Fossil Organisms and the Length of the (1178) 

Day and Month,» in: P. Brosche and J. Sundermann, Tidal friction and the Earth’s Rotation (New York: 
Springer-Verlag, 1978). 
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( _ r Lf- -kLi->=-U I \~L~x-i j_o_5Jl I CjUs>1_o IjLs 

•iSj'ji' 

jL^jJl cJ^-iaJ <-ii—>L-*>li iil-Lft o->lS j c 4_oIj 86400 ^^ia-> ^<J2)} 

<LoLlJ»>j 2.3) jL^jJI cJj-ig ^3 wLj! jJ c2jJ-p- ^ cJ^ 700 J-L^ 

0.6 _> CjU iiljwAj t 4^oJ>c^Jl 4^ol>eJ 1 ji c_~-^vu (cl)ji 

xAyjj . J-*_i L> ^jVI 4 'j>c-ju5' 2 )^ <LoL^-L j 

c ^^>-lj ojJL9 J5 oLpLwmJI -L*J j .cl)^JL)I ^3 <LoL lJw^ 1.7 _) ^j-Jl cJ^Jg 
.^jj>cJl c a^j11> c2008 ^Lp JljJj>- Ui” 

?2008 ^Lp ciU oJjj J-i oL_>cJl o j_p- 1 j LjU 2)1 c-Jg-g-^ 

.Ij»^ I jJ 2)2)i ^>-jl 


F. R. Stephenson, «Historical Eclipses and Earth’s Rotation,» Astronomy and Geophysics, (1179) 
vol. 44 (2003), pp. 2.22-2.27. 
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(juApd) JufliM 


AjaaJl wLwLpxJI o j \ I c^jJj Ja ! <JI Jp-a 
iojl oIJ-L>cjj 

.V t ! ^ 1 J^CJl 


.a^jj>-j aSjJI ^ 80 ojii! ^>\Sjj> I i^S"j5" jj 

4j03.i oJLjJa *lL>- l_La O J L^jJiLLJ 0 j+^S A_>wL^L>- j j_v 2_P iJLwA O-J LS" -Ls j 

^^>cJl CO 2 -Jl 4 L^o-5' d-olS"^ .^-oL>- jk/zs* ^3 UL>- I L>»*3 .ajwLJj>-^ 
.a j-Jl oLp ^a Lo^a olj-oJl oLOj ^Si ^S'Vl ^^uUJl j^2^Jl JM>- 


0 ^ - ^S_J .JwwL^C-j I Cob ^»Lp 14000 Jo j-^>-Vl 4_>L^_> JJ~a j 

olJ-l^>c_j cJtA->“j .1 jjja 130 ojlJJLa jj>c«Jl ^]g,,*Ai ^ jjLwv^a ^3 LpLJJjI o-j o>- I j 


'I 

I j 


^jLLs^ 


. Ov2>La Aj 




La o>l jl 




^wvo 0-3 Lo> J 

^lx_Jo y lj c ^LJl Ja^L*-vJj c ^jVl j J»j <• Aj jl? Jlj ** ®jl j^Jl 0>L>-j.5 J 

^ i-X»>J,^^cJ I ^C_ ) Ltf-« /^ ^ ^ 3 L I^^X»<J I i t _T'^ t ~— * * *-^ C» )LS”^ .-X»J,^cJ I ^ ^ wvJ I 

j->c-Jl ^cJg-^a 13^1 Ojl^J>cJl OoLS* C La y^S'^ ,‘UJj>ui O^l^-a 

.Os^LoJl 4 _>JJl>J| ^Vj-o Ls Ol^liJl <J^L>- ^J-pl 


.1 JjO^a La^JLoj C La^P ^j>-|^oj C 4jwOL>cJl ^jL?,,/? ll 0^1 ^-LLo 

0->cJ £-LoJl (^^J-jl Jl ^vwJj J-J->cJl 0 J Jb oLpl Jl ,3j_*_J ^L^O^I 

.JlJL>J| 4 >e-oLo oJLpU 
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C^L^o^l (Jj_*_>a ^3 <1^3ya J-jljJ j_&j t J-J->eJl ^_gL—w*_)l jyy 

^Ldl . <Ll_>jJg o j^3 JJw^ ^JJl wiwUJl ^ju_jj t J_L>t^ 

.^j^^Jl <-3^1 ( Jw-3 OlJ-> 4 -J-o»*J <Lol^jJl 4 j>cJH)I 4j J_Jj>- ^ L^>- J»Jj>cJ| ^j\jL^ 

.jJb>Jl ^jIjZ^,.) J~aS\ ^LwwvU^I y* 4_>J-Jj>cJl jL%g-cJl ( Jww*> ^J^Ss-^Jo 

. Lo j5" Ijl ^ ~J»>cj ^JlSJ <LoJ>l3 4jLyg 


L> ^la^J 4 jJ»Jj>- ( yS\y IwUi^ulj c IJl5j 

<^.JhjZ .]I (jli l ^Jl 43L^?j .ULgH j jJo J t OjL>- c 

(Gcikkctl JIS’Ip -J** l^iJ gjsJ 1 Jg.^ >c-^a d- 

c ojL>- oL^aj cojL^-vgj t "o yyC^a oUl 


L-JaiJl Jj 

jLpj A1 >“La> otwAj t ojl y- 
■-j .Jljwftj .^JL>y l y j_L>cJl 


jy y 


Ridge) 


y^p L&jLjlp! *JL> ^*Jj i lij y~a ,j«vwJ <LwJa_A.Il ( /j^S"l j-Jl JJ^ 2)}j .ojJ>- ^IjI^ 


. ^LwoJ 1 L*j 


ji tw^J'yi <Loji j 
^jjJw>J| c_JgJLil ^_9 c 


^JajJl ^UJJ y*~a ji 0 I-G 3 iilL& 

:_Jlj 4_^A»|jw\Jl wLyg-A-) jJjJl y 2_>- (jjj .jJ>s-Jl J-wl_g- 
4 _>wLwL>- ^j»w>Lo ol^JL3 (J^>\J>- .LoJl <2gldg-l ^1 p ^cJLAj Owiilj j_& Jlj*^Cu j_Pj 
( /j-5sJ ^*Jj .L^JlS' J-wL>J 1 ^jU-vg ^Jj o'yi I 33 I j->Jl oLS" L^JJwP 4 JLLw*> 
t iijL-^jJl jLw^- ojj .^jl j~ =>x ~ ww^* - ^ 1 jl ^-g-G^-^Jl CLws_Jl 0 j -&LJg .liLdk 
c j»Jj>cJ1 ^3 Jg y->^ j>sj ^j-wJl JgLlJlj c^_3ti>cJlj tj^S'ljJlj tolJwUJlj 

^ia^j l) 1 jLwkJl 1J-& J) !j y L) ^-Jl ^gP Lyaj 1 JgLtjJl ( /ys jLiJl 

«-\^J.^cJ 1 ) L.A_< yg ^ g ]g ^ .Vi g I 3 ^-«.*J 1^ ^ 1 .Jg Lw^wJ 1 ^ ^ 3 Jl 

?-!^-^Jl J*Lw3cJ^ C <Lw*/gIwoJI Ojl^>cJl CgL>-j3 I^Ld»jl 

.‘LwvgUl 4Laj*yi ^5 

^c-g-jlj iJLwAj *^_5 J twJajiJl ^3 ^g>c-Jl J-wL>-j J-wl->cJl ^jLL^g y~*j 
^j~SLa^\j c^gJLo-*lJl twwlajJl jJ^gxJl >w»Jg-AJl UjJ-LPj .^g-Jg.3 __ 

. 1940j 1920 ^j-Jl ‘lJp Lo^s I 33 I ^L>-*iJl ^Jg.A.11 olS'j .^w5C*JL> 


jlJUUI 

yo ytS ^Jwo-*j jj->c.s/g,l 15 wLJj>J| l)}j .J-J->Jl d!)J^"j .o^>tP f-LoJl jl 
^gjJ-j *>\-3 c ^ i .yg J1 ^Jl J_Jl>J 1 ojl y>- <Lg-j3 0 -*-aJjI UIj .^5 y^S\ j y>* y2. j 1 
^gjj (Jjj>iLo ^-wL>tJl ^ y>-& i^\ j^-^l ^IwygJ jl J-> .ojjjygJL> J-Jj>cJ| 
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oA^-lj ajj! y- (Calory) o y^> J | . ajjJLoJ! yu &Jl y>^ *d 

o80 ^d_>e_j d)ol ^ y-^ 0 o-d>~ I j *L>-j. 5 ^\—o J1 ojl y>- 4_ >~j5 £-9 

4iUaJl y* j~~> jldJLa jJl>J| ^d>cjj .wLJj>cJ| y> jL^s jIjJLs ddd/ 4_>jl y- 
oL^oJl Ojl y^\ yo jZS> ^Jl ^Ix>cj j .jUbJI ^J^SdlJj e-LoJl OL^w^vJ>- 

dsJdP c_9j..5 j-o Cb-Sj ^Ix^xj C ^>c-w*J d)l -C*_j j l 4 _L>-L^i 

ddlPj t ^5*1 <w?J -*^ 5 y Odw~>Jl (1) j£z l *ui_v2 od ^JlSCUo 

,^J»jd*Jl ( J^_d2L>j t y& L<>ww»vj>cJI (J^ojsJu l <dd>Jl o j_& >jJJ 

. JjLJI s-LoJl yo Wilts' ^J^l aJi>Jli (. f-LoJl dUdS” ^j-v-J ( /^5sJj 


iJ y^j djlJ-L>c«oJl^ .du.5L>cJl 
( 1181 ) 




dr" 


jL^jI djIj-L>c-oJI d)| 


^_Aj . yj~^~\ dd^j>-l ^y <_-jLwvJoj iLLS"Lw^ dd^j>-l d)j_Sd>j c J-*_JLjj 

C2ob d jj .?-lj_g_Jl Sjl y*- 4_>-j.} ^_Lp ddoJLpI ^yyjL^-i jl y^>yL) y~Aysy)) 

Ojl ^>cJ ' a-* ^ j , j -^ i_A ^Lx_>c_> L^_)Li c ojl^_>cJl *u>-j^ J-jI^jo d^IJ-L>c_^JI 

^_Lpd/l ^Ja-wJl J~d_>cJl .*ds Jl J-J->cJl J>j_>c_ l] 

(J j_>eJo da J_LP L^J>^ j_*_V^I j_*_4_)lj olid>Jl ^y ^ jJu t ( JuL^d/l 

da |j-2aj t Id* j dJ I J»d>c_<>J I ddj^ d_>-dj .(^^^dd) £-da jd>o ojdL^a J-Jj>&J| 
d)jj t wL>- <JjLp wLJj>cJ| d)jj .jJl>Jl ddj^j j-^l jl^^>-^1 yj o j->tl3 

( /^s IIjlwLda J-d^>Jl d>>5" .4_Lda_i *Ld«o-P J-d->cJl ^y ojl^j>cJl cjLidol 

dd .Ojj j-ygJd t»_JJwL^Ai J»Jj>cJl jl ^^vw<>-*ljl ^L*-J«^l oJ-Ji ddj ^ J 
jJLS' j! jJLo-j ojl^>cJl ^-^- , yj j-fl-v^Jl d— >e_j d>jJjs <d>-j^ 30 wLd->dl dl-d 

^^wo-dJl ^d-d^/l ( 1)1 J-^I ^ l“^d>- wL_d>cJl yy ^ d yQ odji 

j^>c-Jl ^r.]g.*Ai yy^ji (1)1 ojj j+Jz. JL; diJ^ (_5 , ^d ^ -dd>cJl ^li lib 

^ i y y jj ^_^dl j^^^ d->d_d>-*Jl o^|j-p| iid-^-3 C J^ ,Al 

.^>cJl 


(^.J^ yy plil yy ojl y\ . 333.55J/g(79.72 cal/g) aJ^I JijJ ^15^1 ojl^1 (1180) 

(cal/g C) water 1.00, ice 0.50 y oljl y>- . 2500J/g (598cal/g) and (at 100 C) 2260 J/cal (539 cal/g) 

. 0.03 ^jfcJUij 0.12 y wdi-l lot . and steam 0.47. 

J. A. Dosdswell, G. S. Hamilton and J. O. Hagen, «The Duration of the Active Phase on (1181) 
Surge-Type Glaciers: Contrasts between Svalbard and other Regions,» Journal of Glaciology, vol. 37 
(1991), pp. 388-400. 
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jmIjp lib .*LJl as\sS Jl3i wLJ->cJl oJj 

c wLUj>sJ| <jl> j3 13_Aj • *1<AXj 1 oUa^j>c_^Jlj jL>c-Jlj 

I ^Jp J 5I3 IwLJj>- 

oJ-aj d)l ^1 p Ij-^li *w-5 jS cl)^jJj t IpL*_jJ J»Ja>Jl 

oLa>Jl c o4j^_gj>e-oJ! oLj15J| ^j 2 _*j *LJ^UjL> c 4 j-L_L>- o^5 aJ j5 

.^^>cP s-LoJl c d)Sj tJi>Jl i y^> J ^1p lg-*-woa>- 

Aj ^jJa_^j oljj-LJl 0I4Jj .UjjJl ^i ^ i J ^ I ^|^»w*J^ 

<ry>- 0 jj^S jl ya y_A^*_ya ^Ja^j dalj^arJl ^3 J«Jj>eJJ^ .AA^*_ya 

^_1_P (_£ jJL>c_j ^diI t dal J-J>c_^Jl ^-3 J-Jl>J| j^S A_JJaJo Lyj ^J^l Ja_*_y2_i *LLa 
.f-Ja^j da 1 w\Jj>c-oJI ^3 wdL>Jl .lol^-2tp AP A^j>c_L daljj_L 

J^jjj .^5- 1 ^b j^J a ( jjs daljJJl AJblJl a5 y >Jl 1 j-A 

c Aj wLJj>- 0dalj^j>lj ^Jl A_^>c_1j 0 j^Jk^ dalj^>L> Lg_^a>c_a>- ^_3 dal jj_1_JI 

^Jjo dal jjJl daldoJ ^51 wLJ_>cJ 1 dalj (1) j5J <L~J>- J-L>c«oJl (_AjI ^3 A_yaL>oj 

ojljj>Jl jjjLlU ^gia.-l 1 (J_L*jJl d)jj . ^JJl ^3 JLJl^JI dalj^Ju 

iildA (1) j5o L*JJP Ja_A3 ( Jwo»*j (1)1 *^JaJl JlAy*)J ( j5J>jj .^51 j^oJl J-Jj>cJl (jjjj 
OjL jJj> cJl >wJaj3.ilJ Jj*}Jj jP ^3 dJj>Jl ^jLLya d)| .J»Jj>cJl ( /jjs A.J5" 

^3 i)j£u AJl>J1 (1)1 j-P .JlJL>J| ^Jg-^ja ^3 13 jJj>c^ y-’L^o'^l (1) j_5s_^ 3 C 1 Jj>- 

^-0 Lo^3 d)j-^j t^jJ_*^o'yi ^Ja-*^j t^jjaj'yi ojl^ j>- ^Jl^j3j J- 3I3 J-L>c^<Jl 0 J-pU 

.^IpI y->L-^vo'yi JwL*^ (1)15 t clLo-^1 wLJj>J 1 d)l5 LJ5_j .wbL>c«<Jl SApli 


IwL^J (^-^l_L<Jl y->l^j>Jl S ^Xw<>-^Jy ^I ^JajJl J-Jj>Jl ^jLJya 
J-aJj ^(1) Ja*-1 ^ £-»-vJo jL^^I ^ C J-A Jlj^Jl 

y-AyaJl ^3 Ijj ^JJl c ^y>-Vl wJaxJl dal^jJl dalyj jJj>Jl ^jLLya 

c A^>-jJj-.j>Jl «UA>Jl ojj& .^lp (Jj-JL« 2.67 ( J^3 A^yajVl 0 j5JJ ^JLo-*lJl 

Ojl jJ>Jl Aj>-J^ Cbol5 IjjJJp A_lj yh dal JtAa*" lf!5 wLwla>Jl ^jLiya y_Ay>tJ jj 
icj jb tJli<Jl J™. . (1182) j»^Jl aJlp ( _ 5 > U_ii ( _ s J Lp l 




J. A. Dowdeswell [et al.], «The Mass Balance of Circum-Arctic Glaciers and Recent (1182) 
Climate Change,» Quaternary Research, vol. 48 (1997), pp. 1-14. 
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oLS" 6000 j^.^..11 ^3 wL>^\jo ^_p wCJ—>- 

d->L>- j 3 d—wvo I 33 I 5jl jS>*. Jl idols'j c 2)^1 ^j->^I oj ^_Lp1 

jL/3 C^>Jj t <L-JaJLJl <L_>jJl y? yC3 ^Jj cJJ'yi ^^Jlp <U^Jj 
j*sSL> ^Jjsl yy ><Jl (w-JgjaJl J-Jj>- 2)jj • y jd>cJl 

.Aw^J^I C^OJ y y>z]\ ^Jl. s^jJl ^ ^^>-1 <4j3>-l ^2l)S ^ LoJ c JUJl 


iwJaJjJl jJl>- 

aJL ^P dWa-ido j 


J~Jj>- t._J 4_> ^j>c-Jl j_l>cJl iw-Laja-]' d^L-^o jJ ^j«o 4_i *>\_*J 1 y^Jj c ld_& 

OjLj 4d3l3 i^jIwL>“! ( /^s d^ljj^ 2.1 ld& d)l idsi’LoJi a Ip 4000 —Jl (J^l>- JJt)ldj^P 
(The DeVries-Suess Solar ojj3 .^Lp 200 JJT 

.j»Ip 200 J5 Cycle) 


jJj>JI ^jLLs^? ^S" y- 


* )l 

.*> ^jj^yi 4^jg_xji *doJ-*ji jUJ'yi d)| 

2)1 1840 j>Lp (Louis Agassiz) j^IpI ^iSI Jiii .LLaSj 

(Joseph yyn\ ^yjy>- ^dilj c LSV^I jL^-dj LjjjI J y>- d-JlS” °j-y^ 
iJbf SJbji? plddJl Jj^ygi (1)jiC UJdp dL>dJl 2)1 1842 j»lp Adhemar) 

^^vw^*wv21 I wC*_> I j IwLa ^ ^j^jVl tJlLJl 

LjJJP Aw^J^I 0 j_SsJJ ^JL>-dJl C-i-V2jj| ^3 I *^-^ws^-J I JjiCj £^>1 

. I ^1^ A*J^j3 (_)^^C 


plddJl J j-v2i jl jUi o^iCLl ojufe (James Croll) J j ^5 Jj-Pj 

^Ipj .^wA^-s^I ^wvw^-d ^Tx-dl JwddvJ jJ->dJl yaj>rLj cjl ^xJl ^LjJaJl 

Jl>d)l jl Jlij (Croll Ideas) J j ^5" jlSol 1934 a Ip yz3 y3 j\y 

L I ^ I a_^A» I J I djl/O l»^d*»_P LJiA^CJ dws^^j'yi 0 t ^J l^wWW-J I ^m.A A./? *. J I 

(J^l>- ^LJlj J-Jj>cJl j^d-wvoj .4 jjIwL« djljj^ Id-^j c >Ldv^ c-A-w^Jl y 

y^ j5vj*)L>s jlSol ddd) jJd .Lj_Jj>- 4j>c^Ls^ 5 L>ojjj ^i'l^dj <ils" <■ a^s .Jl 


A. Weidick [et al.], «The Recession of the Inland Ice Margin during the Holocene (1183) 
Climatic Optimum in the Jakobhavn Isfjord Area of West Greenland,» Palaeogeography, 
Palaeoclimatology, Palaeoecology, vol. 82 (1990), pp. 289-299. 

E. W. Domack [et al.], «Late Holocene Advance of the Muller Ice Shelf, Antarctic (1184) 
Peninsula: Sedimentologic, Geochemical, and Paleontological Evidence,» Antarctic Science, vol. 7 
(1995), pp. 159-170. 
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90,000 Ljw*j ^_UaJ <. ^Lp 800,000 _Jl 4 JI oliLvo 

pLo-Lp (Jly 1 6 ^>l_P 10,000J t ^-jbLyg y oJjJ 

y Jl y Ua^o ^y>J 01 cyb jji”jwb M (Glaciologists) 

^^.Lp jlJL>J| olj-sJG yy l£ cJMJJl 4-o-i 

1> _- j h.*>UI ji-\j\ J> LU^JI (.Lp 100,000 Jl oljji jlj . (U86) a JjVl 
^y dJJb y* L»Uajol yLS"! O-jLS" (^Lp (1)3 _ 1 ^Jy) y-w^yL.^_)*^\_Jl 
^Jjaj ^ ^Lp 41,000 y>o OyJl <. ys^yL^t>Ol y»-ljl 

y (^Lp 19,000 ^^Jj 23,000 y>s olyu) lyyL*_Jj 4_>jlJ_oJl oljjjJl 
. ^Lp 700,000 _Jl y>c-Jl ^f.la■>,*» yy^o j jJl>J1 

4j>-L>- iib& ySvJj (. LsLoJ (J^JL* wUj>t)Jl ^y yy> ^yj'yi jl~Cs <-4 <Jy^Ji 2)} 

41,000 -Jl 0>1 j_j^ y^-o-j 1 ,_a_bo .4^Lo»*Jl o-LgJ ybl j ^J-yg-S' ^_aJ 

ol^JcJl y>jp <~aSj ?iibjfc (1)15 bUJ ?j-Js-Vl y^jOvot)biJ ^Lp 
oj_A (1)| ^IjwoJl O^bfc-w*' bLoj ? bO_L>J 1 OljjjJL; yj)Jl 

^jLfl-vgJ ^y2_OoJl y*)}\u Jfi-o ^y OoO>cJl ^yj^l d)^ ‘‘Lo^y 4_ljoVl 

c^-wgj^l 6 jSi JJ jLo-JL)! ^.iyg.ill ^Ip 14,000 Jy oJa-p yJl iJLo~JL)l jlJl>J 1 
c-i-yg— l) 1 J-Jj>- ^_jbLyg y» ^yLJ> Lo j c (38 S) b^_0- 4_>-y 38 ^ j-v^j 

<—^b-^J 1 y_^ s y-^ ^J ijj .^yjOxJl i^JajJl y ^yjOJl 

ol £_i yJ ^4 yg-l ^y ^J^^l y° ly^Lb c L-vJl 3 ^^Jl b j j jJ 1 

. ^J-o2^-wv-oJ 1 y 4 C^ _ L^o 


J. D. Hays, J. Imbrie and Shackleton, «Variations in the Earth’s Orbit: Pacemaker of the (1185) 

Ice Ages,» Science, vol. 194(1976), pp. 1121-1131. 

M. E. Raymo and P. Huybers, «Unlocking the Mysteries of the Ice Ages,» Nature, vol. 451 (1186) 
(2008), pp. 284-285. 

N. G. Pisias and T. C. Moore, «The Evolution of Pleistocene Climate: A Time Series (1187) 
Approach,» Earth and Planetary Science Letters, vol. 52 (1981), pp. 450-458. 

P. J. Huybers and E. Tziperman, integrated Summer Insolation and Forcing and 40,000 (1188) 

Year Glacial Cycles: The Perspective from Ice Sheet/Energy Balance Model,» Paleoceanography, vol. 
23, (2007), doi: 10.1029/2007PA001463. 

P. J. Huybers, «Early Pleistocene Glacial Cycles and the Integrated Summer Insolation (1189) 
Forcing,» Science, vol. 313 (2006), pp. 508-511. 
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400,000 J! J*5L>- (*b*») Lo j (^Loj) oljj^ ; 23 

C 4aL*JI 4jL o Ol jIa)! Jjlo 4^3b 4-Jbb| 4 j-LU^I Jj-o Lo o jJaI! jl 4-yyalil 

£Li! j_p ^^Lp j_*_p j-ol 21 Lla ( j—-Jj j->-I jJU iJLb! 4 j-L-LL-I ( j~ r > Lo SjJaJI ^JL) j! 
lfrv3.«j jlT t 4 AjL*JI 4jJ-»-LL| Lo ol jJaI! 4..JagJl 4-ojJ! C*-J»Lp A3 J .<*LoA4-I 

.4-JLLl 4 jJLJl4-I Lo aJ^O Jli.il 


^JLjLv^ cIULaa jL5j t^_sbj i .—_]pj ^_jL5 ’jj' < ——S"j_S” I (.—_S"j_S" L)} 

£Aj jJJ 0 ^ljIasaJI L^J*}L>- Cools' t JaAS ^o^J| ^o /.20 -J A>A^L>- 

4A>-Iao ^LwoJl CjI (1)j5oJ c ^ AAo j oL^>cJl £j>-lj t Ja^JJ ^>c-Jl oL^Awv^o 

^jLLv£? .l3lA& (jL oJAP o^yfli j <Lib 4 _)wLJj>- Lo ol.4_*_> j-~*J 
.<jA*Jj>cJ| Lo ol JZA Jl (J*}L>- 0 oiL>- oijb ol j 4jJ»J j>- 

oi>dl jlSj . (1190) r lP jjuo 2100 Jl 2400 JJ ^JuU ^lp ilL* jlS" 

iiLwA o\S JaA3 LjJ_><J 1 |J_& A*_>j .Aul^Awol ^JaLwO ^5j ^j>c-Jl ^Ja-^*> ^1_P 

^.n - - 5*I 4_4 ^-p 1 -i -i *i-i - ! 1 I ( ^ ^^c-11 c.3 ^Lx_l I ^^ ..y g 1 j c ! 0 LgtJ I 

750 i 0 ^o ^ 1 la *iQ ( » *.** »o ^ ^ -3 ^ 1 (^-s i^iQI .-A_l_^ > c_j v »jiA.^~j . ^ )I 

^3 I ^l^jl CwLL>caJI oJ_a a^_ij . ^Lp 0 635 ^Lp 0 j-^-bo 

/ ^wLJj>cJI ^jIas^ O-ojj .L*!)L>cJ| o3J-*Ao oLa>cJl CJ^ 


. (Huronian Glaciation) Jjjj-* (1190) 
. (Cryogenian or Neoproterozoic Glaciation) i] jjjj jZjyyZ j\ L J~>-jj£ Ji £ (1191) 
P. A. Allen and J. L.Etienne, «Sedimentary Challenge to Snowball Earth,» Nature (1192) 
Geoscience , vol. 1 (2008), pp. 817-825. 
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j-5^1 ^ILqJI 0 Jj-1P CjUI .jlL& d-ol5 


wbl^^Jl jlj^wjl (JwL^^aj L ^y2A> c^oJ' jjJl ciU^ ^3 Lo-J t 4_X>J I 


(1197) 


d5^-5 


( 1196 )( 1195 )( 1194 ) 


U^J^M ^ ib- J~«j t^jbU 


<Loj_x55Jl ^_j l.d) 1 <15jJ>- <—3jj-i? lg_> |*_^J>c25 A—ilj_Pj_>j_i^j ^ AjLLl>c_^ <L^sl 




c -jlJi^JL 


j\J 




l5j*Jl 


(1199X1198) 


(Tectonic) 


j-L>o j_<5l <1)1 .j->t-Jl o L5wj Llo j SjI^j>JI ( JJLj Ja-->e-<Jl jljjjJ 

^3 JJa_>- ^1 _p J—i_>Jl Uy? doLS" J-A3 .^i^sLp c_^-5^5 ^_Lp 

j j-Jl>j 635 ^Jl 750 J^J c (Proterozoic era) ^jjjj^-Jjj-Jl ^-^2-^1 
d-olS” LsJdP 4_L jb J-)Jj>- ^j-o Ls ol<JdJo3 dlJ_L>o JIl& do 15J . ^Ip 

jl ^>o (_£ I d>-^j .Aj^Ji <A>-j3 40 ^J3*)M ^1-P ^c-la.*.Ai 3jl^y>- 4 j>-j3 

>0 ^^.a^olj ^>&Jl ^^2 jjI it- 5 .^idw\Jl l-A_g_> ^ 



1^23 j -da oJ_^5 j->c-Jl ^ !?■-*> 


cj dp-jj ^Jj 


j CjLdalo 4_>jdSo l^_3j ^^J-P Sl^>Jl do 15j .jj>t-Jl 

oLosxJl JL3 ^J-P oydo 4j-dL>- J^-o Lo dljd ^3 IJ_>- Aj>dd olia^>c-^>Jl 

.d>cJj 5^5 ^j^jVl jl (JjiJl l-i-k •^ J fdJl (J 
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, ‘Cwsj'yi LC^i j\ ^■$■£■> taj t a^Lp j 

^CJo-toJl ^Ljl j^xj ^_£3 ^3 ULol Lo-3 


~u*Jl (Ordovician Silurian) ^jjL^Jl _ J-U^l ^ 

— y&j^\ wCL>cJl \^Xs>- wU->cj (aLp o^-d-^ 420 — 450) Jai>- 

260 _ 300) ,\y^^\ Ja_>- Jlj-*-JI (Permo-Carboniferous) 

(Jurassie- ^j^SLl> jJ^Jl _ jjoJl jLS”j .(^Lp j j-Juj 

jJl>cJI jj* U Jlo *\-ko ^p IJ-s^j (^Ip j 132 _ 151) Cretaceous) 
oljJi>J j_Uj) ^Lp 2)2.67 

ciCxJl Low« c Lo^j ^XpI CO 2 —ll 2)15” Lswtip ^3 aJjjLwai 

<• > j_) j_J 0 jJL9 ^3 A . L>jl ^ J->e_J aJ j_S”j CO 2 —)1 cj j->- 


{ja L>- j>- Jl5J .Greenhouse iLiaJlj Icehouse <-3jy?> 

^ yL^aj Sjljj>cJl 4 j>-j^ 2)^Ss7 jl c ^»Lp 14,000 ( Ju*3 jJojJI 

.Ujjjjl jJ ^>cJl 



j! Sjl1 2^fd ^aJa^- • 24 JiCtJ! 

Lo,»C«P d-o Jo- ^^ *>1 j^MJ — yAj**. i!^ I <U J«*A^h| I 

J^w^-S*I ^13 (j! aJ^LJI a-w^*^2JI <jL3 a*J»p Lj* ^J»pI 0^^^^3! 

.a 3 -L^ j*S> LJ j£ \j\j*>"\ ^L* 3 l 

(Jt)C>- o'yi yj* l£ CO 2 -3i j5 oLS" <^1 ^3hvi?) 

.aLp 2)830 y ^SvJl ojLaJI cj>IwL> LjJj-p jJojJI 
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yS\jj yA yy >Jl <^_9*5L*Jl CO 2 (j-* ®oLwo-S" o_*-o l)I 1j_^J o\S j 
CO 2 _ll 0 J_jJ_P ^£?ljl ^3 oJ_>ljJLoJl jLia-^'yi oL^a ^ j . 4 _Jl]jL> 

<jL j>- JJ& i)\Sj . CO 2 -Jl J*5L^<J yA t>L*3 do! c <jjIa]1 Aj^>cjJL> 


j . ( 2^sjJl dU 4_JLj oLj>- JLl& ^J 4 J t oL->cJJ 

y (_gji4 Jwoljjy ^_<w L>_a (12O2) 1320 ppmv _j ^j_>Jl C0 2 Jl j-S 

£>jl yA ^tS"l 0^-5" IJ-& CO 2 —H y yS^-A (1)1 y& • ^-L wJl J Jp>xj (1)1 (1) y j^Jl J^*^S"1 

J-*-j j . Lo j_S” Ijl^l t J-L>c_j Jlj^k oLSj t ^JL>cJl ^j2L>c_^Jl t^_3L*_v^l 

<J>J>- AXJjJl LL?^j>c_xJ 1 ^Jl 1 ^J 1 <Lo|jjJl ^lj-^Jl C->J_£2>- t J_L>c_Jl 
^ yj>^ ya c-olj ^^Jl <UwL>cJl <_oL>-1 oL^>cJl ^LvJl 4 _>wL^L>cJ 1 ^j-o Lo ol jJlJ 1 
583 Jo ^ ^l/^UJl o3J_*o 0 L 0 - j \ dJS y$\ .y y>*}\ yy*-*~S')l\ 


^3 L y j_>Jl 0>L-*_Jl y~A CO 2 Jl t P 1—P (1)j-J-* 

.^LwJlj ^JlUl (JjjlpIj cj^>cJJ Sj yLA oLJ Jo y* yjy^^^j 


oJJI jj j LgO>tj 0 j-w^SLoJl jy>z^2^\j <UyJJ J \j\ JJl>cJ| Iw^smJ 

^Jg.A) ^Jl 6 j-^SsJl jl^l ^j«o ^S"l ( j-vUJ l-yg j J .51 y 3 c jJ^LwJl l y2-*~> 0>lwkL>cJl 

ISL-Ml iijl ^ p5l \jii yi\ ilj-Jl IJl* ^ y _j . (1204) L*>U^ JL_^ 

J^- 1 ol ^jS^Q-J 0-J->cJl ^J)L^s£? ^jjxxj ^JjLl 01 ^_ ’ . 4j ^>C-Jl 

oL_yJlj JL>JI iL^LJ j^jJI a 5__^>Jl j JaJlj t (Faulting) £JU<aJl 


,4~Jlj ol j4jO\J l j50>jJ 


( 1206 ) 


t_J L-^cJ 1 “- 1 —^~-' 1 — 


Or" <> 


;L" 


^IjjLtl OlLwA Ol-S” o_a 3 c ^»1 j^OJl jj^ ^j^1»>cJ| j -*J 1 J-i (J 

4_L>jJj 0j-w2J 4_Pj2JLo o-<_ 33 <-lolJ^>“l ^o Oj^-Vl j»Lp d) j-JLo 50 Jl J 
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v _ A oU_oj>lj -LboJl Jj2j>o c j-£L)I LI I^Vl 

.A*>-j_,a-<Jl ^j>s|j^Jlj ^-<oJl ^3 ol 


A*>-l-Uli-I Jj2j 

t ( /^>jJl jlS'lj ^iLI lol j^jo t *lJIp ^1 jl ^Lp ^-LJl Ja^L—o 

^ 2 _*_> JaJlLljj .-LaL>- JlJL>- j-^Vl J y ><03 ^JjJl JJ>-L *1j-^Jl Ja-LLj 
*1j_gJI ^^5"J->Jj>c_i! LgJLo-*Jol ^j-SLo-j Co>- xJ^>cJl JJ>-L *-!j-^Jl olplJLi 
e-l ^-$-Jl 0 >LpLL 3 ^^J-P -la_*_v2_j JaJ-J->c_]| j1 • ^■LLl Jg-sL^o 0>-3j 

JL-L> ^/2_*wJ I Lg-yfl-*-J J ^-3 OLLJa ^_LJl jj ^a -L)^oJl JLOoJ t l^Ju^Jj 

jjj CoJ»pIJLJ| ^3 /»J_3*yij C 4_<oJl ^3 *U5-JaJl (j j_5vjj L^JLajL^S" l_AjL—wa 

oLLJj .-La^l L*—*»lj Sjl ^j>cJ ^L-l jwLvg^a ^a o J_a *iSs^ww*J! jJl>JI oLLJa 

0>Loia ^ J J>c-a Qwww-J -OL>cJl ^J>LLo jj .^j-0-%Jl *. i^l 0>ljLa ^_v 2_> (J j\J>- CO 2 

J-Jj>- £-4 oL~ajj 1 ( /^s <j J-Pli oLLia L^J 0 La l_Jl_*3 c JaJi3 J»Jj>cJl ^j*a 0 j^S” 
^J-P JJl>JJ c_*J ^-o-pl ^-o-P Lj * LgJLatJ^ dgLfl-LaJ I oJ_A < 3 ^-51 

j»Jj>cJ| olJ- 0 I 3 jl L^lool ^j-o j»Jj>cJI Ij_a ^Lp is»li>Jl jl .^Lp 700,000 
.LLjJaJl Lj-a jil 0 yjA\ 0 J-A oJ-L>o ^xlI A^iljJl ol^liil ^I jj\i>- <« > Lj 

^LuJl ^_<-ol LLi .ojl jS >cJl J-J-axJl AJa_ww%o 43 *)Lp .LLla ^-vwJ 

jl5 La I-Laj .jJl>oJJ ^-^1 jJ iiloA jLS" LiL>- 

.^^Lp £^LJI j^iJl j_Hjl Jo (Mt Kilimanjaro) jjL>o>Ji5' ^ LjJj>o 

^/g-^i->oJ L>-j o^jL 4_iia_oJl 0*->c^-vg| LI Lv 2_>I ci->wi_>c_j jl IJ_^J 

jjiw c 4gxOS"j .jgoJl ^Ljj (.ojl^gxJl 4g“j^ 0 -*j1jjI LIj .Ja^>c^Jl Jys ^>oJl 
ojl^>cJl 4 j>-j^ ^3 ^LLjl jj t LsjLi^JJ^ .£jJcJJ ol^o Ja3Lwvo iilo 

wL jLu^p ^3 ol ^a 0 ap I-La oo- jL j . jJl>JI ^jLL^jj o!jJj>c-<>JJ ol^La 

OvoLJl ^Ja—*• ya ^jL oJ-Aj t LiUa ^lOxj jgoJl jl j^P . jO-cJl ^AajA I j 

^Jl ^-A oLw%w>cJ'y Ij jjLoJl c IJla f'l j-^Jl pLoJI jL>c_> jjj c ^1 j_gJlj 

0 —V 2 JI J J. */? 3 p| j-^Jl *LoJl jL^-J .^l j_^Jl Ojl 4 j>-j^ 


J. B. Murton [et al.], «Basal Ice Facies and Supraglacial Melt-out Till of the Laurentide (1207) 

Ice Sheet, Tuktoyaktuk Coastlands, Western Arctic Canada,» Quaternary Science Reviews, vol. 24 
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^3 c-fl.waJ 1 ojl^ j>- 0>L>-j 3 ^j-a ®jlJ>-j-G *cJg^Jl <Lu\ I jiLwJl 

CO 2 2i ^y 3 '-Z *LJl i)y£jj . J^l*-*i V yi Jgi>- ^P J»*jI (J^bws ^3 1 ^jl>c-vgJl 

. ^LjJI ii^>c_> ^JJl 



jjUaJ ( j-<« 4-^25111 j»Lp j^J-a 65 _!! J*5C>- ^Lil *li* o^Lp! • 25 Jb^iJ! 
o! jSj ^0 S 3 jU 3I ^Lp j^J-o 65 J! c^JLS" jJjJ .4_> j jJls *-*)!! <u*jL*J! oUIj-wM cJI-L*g! 
o3jL ^^gj*yi j} • J-oL^JL Jjjo! ol^l jjojljJJ ^Tj* 2 ^ 4^ib o!ji3j c 4^il^ 

&A! ^3 80 J J^l ^j-a Uil dJtS”j t LJU*- 


i^woAJl jl ^-jJcJI ^JjLa 0 J_P 1 . >V t ^>-1 j^->J dJIJ-L>c^oJI ^JjLo 

JaJLlI t^JLo—*iJl >w Ja a 11) ojl^_>cJl <^>-j3j c (ol J-L>c_^>Jl 4_iLS") (Creep) 
Jj*5 Jo^p) J~J->Jl d—>cJ *LJI ^jU-wvoIj c (jjL>o Lo-J-S") c (^jj_i>cJl 

(d*J>sJ jiJ (<_£->4»wvoLJ| jJj>«Jwa ^3 C (^j> wJgj3.ilJ 

aJjI^jj ^.jJLvg cLLlLd&j .(IJllS' j <. ^jj_l>cJI ^Jgj-i I j c I J-j*!)\_^vw>I) dJ J_L>c_^>Jl 

oJ_a oj_^Jg| “ 208 ) jlL>J| ^ jlJjjJl LuJ'y (Balance Sheets) 

jJj cJ-bJ c_3 j_^j ^ Ldl j-^p .LojJ" ‘CajJ jj j~Jj>cJ! £_?-ljj d)l ^jLa-v^JI 

^Jl 0 ^.^-yg-)-<JI ^Jg-wiI oL-<J JLaxjI 2Jld& (j^^j aSj .j»Jj>JI dJj-L>c-<Jl 

4_jL^_j ^_3 JwJ_>tJl v 3 jJj (1 )Ij_a3 j 1 yj\ 4j^ ^jlxj j_J>c_x>JI c^j>^j 


R. L. Braithwaite, «Glacier Mass Balance: The First 50 Years of International (1208) 
Monitoring,» Progress in Physical Geography, vol. 26 (2002), pp. 76-95. 
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ol-LU^Jlj -Ul>JI ^sLw, oL-LJ jii; M j IJla . a211)a210)(1209) ^U^Jl 

^jXj L0^UjJ|j oLL~>Jl oLp o j^yaJwoJi 

. ap^» vo ciiJ^Aj ^^ wLX>cJl 

l ^y2j>z3j jLxi>-l .L«Lp 70 ( /^o ^15"^ 4ij wLJj>cJ1 o) 

0wA_^_p s yi -i2_>- jliLoLj .4_3 J^Jw« SwipLi ^Jp IwLlj>c_^>«JI ^)lwL>c_J! o 

jJl>JI j! jLcJ j-^Jl (5ol>Jl J jb ^^Jp (Sticks) 

ApJ^JwoJ 1 oJpliJl ^^Jp jJpJl jJj>Jl liU oJpli ^^Jp jJj>Cu ^ 

Ja_>- ^-' >tJ J-J->cJl oljj-k) ^_>cj>- .^wPILw^j Ja_>- ^3 o-LopV1 ^JLo c L&L>) 

J»Jj>cJI is'0^ |j-&j .J-Jj>cJl Ol jjJJ ^J.^.^.-oJ 1 AjL^jJI 


oJ^-^-> oL-p) 


J*>L>- 


c>* 


(1214) 


-i (Ty-^ j' 


r!^ jr -0 

(1217)(1216)(1215) 


4 , uUJ.j jt\ ii>Jl ^ U5 lJu jl OAlz ^jlJi^JI 

<lJwo-*J| oJ_Aj . jL^*JJ j ^ la7 ^lll -^1 j-oJl La^-Pj jjJ>t ./9 llj j.}L*_oJl 

j! OJl>Jl gyjb' jl J yZ ijJ IILaj /1220)(1219)(1218)^ j^ y^. 
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= G. N. Boukharov, M. W. Chanda and N. G. Boukharov, «The Three Processes of Brittle (1220) 
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old)| ^<Jj5Jj c_3*)fl cJtA->“ t lwL>- L^Ja-i d)j_^j 

0>lJg-4-3 5->J->e_J 4_J wC5_>e_Jl ^-Jl >2 .yg.J1 f-\ j->~\ ^j5— ^ !^_y 

(J j-A^j .^lL>c_x>JI ^jLw^voI ( y Ia-w-Ij iiljwA (j! j^j Ij_&j • s jJLp 

4j 4 j>c-5v 2 SJLpli (J^ 2 ^ ®j-g_v2-LoJl oL^oJl <jl <twO-L*Jl 5^L>oVl 

j ^^jcS jSSj ^ (^ijjVl od)l j-*p • ^-'•W c -^ ‘w^L^vo! <5^_>- ^^wvo 

(I224)(l223)(l222) j j^jj iS^>J - * 

oU Lj Ij_o 14->La5\Jl 4^3 L^j L4-J5 ^lJl^JI d) j55 L»J-lp 

La (_|^° ^ 4_LjL-*i oL-a 3jj>-j jJajJl . <L_oL>cJl o ji 0->cJ *l5LjL^*>\j 

ojljj>Jlj a^jLSGI ojljj>Jl j^SsJl ^jLaJl »<. <-^ol jJl pLoJI JL>JI j-& 

^jLwwvuI cJwL*_>3 d)}j . J-^j>c2l]| 4_lajaj J_Xp J-L>c«oJ| d)j_^_> c oLwoAJ o3wL>c^oJl 

*)/ c wL^j>cjJl ^Jajjj JJp 4J5 jJl>^JI (1)15 5li .ojl j^x. Jl *U>-j3j JaJcv^Jl (^-^Lj^a 

^jLw? ^3 JajwaJl o-^jj .^L^vo'yL Ja^-v^Jl ^5d>cL>j 4_o^a ojl^grJl 4j>-j3 d)j5dj 

.^uj^o^jJI 4_j ^j>c_Jl ^5ljj>-Vl ( j-a L>-jl5-j ~uUJl ^>L~J! jlJl>JI 

lijlp ( ^jj j^}\ y>- Oj&j Lyg-j I 1.5 ^->LwvJo d)l (_J')/! 4.0 j I oIjlU^J 

J-J->Jl ^>L~Jl <Ji-Jas>- J / ^j jj>c -s/?, 1 L> ^JLjCua ( jJ^y>- J-5LJL)J Jj-o^Jl y 

aJl>JI 4_>g sjpU y (_olJJl pLJI c^'Vj-jl ‘_ jL> ^^ 

y>^ wUUJl ^_j LLs^ 5 ^L^wvul 4«5^-p d)}j .xJl>JI ^5j->o |^-^->c2L> ^5Jl 

. J-J^>cJl Ojl j2*- 4j>-j3 4_) JI y>- j-^>cJl 4 J j_>c-wvJl ^jJuL>tLJ C oJpUJI ^>3 (, 4 ^iJL, 

I I w)wO dj I I ^ I I ^->0 J 
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•4^~“ j' (SjjZ (1226) 
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Ojl 


jj£ ^ ^ip i Ja-i-vaJl 




U-jU>- J»J_>cJl ^jLLv^ ^>L*jJj ^ol>Jl ^3 oI jJj>c-oJI ^>Lwvjj 

dl / 1227 ) jJl>JI 4j>c-uLs^ 4_sL>- jJ>c_> (Jj_£o jJl ^-LJl L^IjJ ji” 

<1~j>- i ^JjjP ^Jlpl ^3 o j_£ jS\j* 

C C2>l l^ ^,-O.P ^Lo J^>“l ^3 J-**' J J 1 J& J ^P *cJj>- 

o j^sia <jjS sJ d)l ^pLs^wj'yi oNwL*^oJ .^Jp'yi _y >t - > ^-jL-^voI I)j-^-^3 

(Upernavif dLJUjJ jJu*J t <JtL<Jl J™w*> ^^Jlp ^jJl I^ 2 * 40 ^Jl J^aJj 
SjJSlI olJlL>cJl y» ^>LwJl a>L1j ^JJl t (1228) jJt Glacier) 

Ijlo c li^l ojl^>cJl a^-j.5 I )jSijj ^_ol ^liJjl ^Jl jJu>JI L^jj^pj .L>j_l^ 
.LoU jJl^JI ^JLo ^^^xJl d)jljJ d)L>jjJL> jJl>JI 

cl^ jjJI jj>c_jJl jjL>c_j tajj .j-L>c^oJl ^oJ-j c j_iJl jjL>cJ 

aJjj_*^J A^s^j^l oj^sJJ C-i-ygjJ 1 ^3 OlJ-U^Jl 4»S”(j j_Svjj .jJj>t^>Jl 


a . (1232)(1231)(1230)(1229) . t, - . \ u „ 

13^.>^123 . J-L>^oJI ^ JUj^I o j z y2 3 Ol^^sju J_P 

^3 aS”^> sJ! I)j_S\_i Lo-^3 c aJl>JI oJ- pU ^3 jl J-4_>cJl ^J>LAva 

.^^Jl jJl>JI oJpli (3(_£3lj o!wCL>c>) ^Ja^s 


Ao-dJl ^3 <_ >L^j 1 ^ j C J-L>c«oJl oApli ^3 ^5"L5 s2j>-I 

£-Jj>cJl (jj^sjj jJu^JJ ^3 jjiJl J-J^>cJl i)j£j .^3 ^.dJl J-4->cJl 
^j lJ-& ..!?■■>■*’^Jl ^3 ^Jl dj IjJ->c«oJ Ls^vo*)}I I )jSij 


J. A. Dowdeswell [et al.], «Mass Balance Change as a Control on the Frequency and (1227) 
Occurrence of Glacier Surges in Svalbard, Norwegian High Arctic,» Geophysical Letters, vol. 22 (1995), 
pp. 2909-2912. 

E. Rignot and P. Kanagaratnam, «Changes in Velocity Structure of the Greenland Ice (1228) 

Sheet,» Science, vol. 311 (2006), pp. 986-990. 

. 990-986 ^ t <ui jX^il (1229) 

A. Iken and R. A. Bindschadler, «Combined Measurements of Sub-Glacial Water (1230) 
Pressure and Surface Velocity of Findelengletscher, Switzerland: Conclusions about Drainage System 
and Sliding Mechanism,» Journal of Glaciology, vol. 32 (1986), pp. 101-119. 

K. R. MacGregor, C. A. Riihimaki and R. S. Anderson, «Spatial and Temporal (1231) 
Evolution of Rapid Basal Sliding on Bench Glacier, Alaska, USA,» Journal of Glaciology, vol. 51 
(2005), pp. 49-63. 

S. O’Neel [et al.],»Evolving Force Balance at Columbia Glacier, Alaska, during its Rapid (1232) 
Retreat,» Journal of Geophysical Research, 110 (2005), F03012. 
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4_j dJ^ (jl . j_*^SvJL^3 t -J JjJl jl jjJ L» J-Jl^>J I ^f_lg->,*> 

»wApL/2j yj> ( Juv 2^>- La c JliLoJl ^^-*-3 . (Surging) AJLsJd* ojJJ aS to 
(1)Llxj 1 LL?Ljoj t ^.3 2004 ^Lp oIj-L>cj>JI 2)L>j^ 

4_sL>cjJl y_p ^ ^Lo-aIa^I o_i_3^5 12006 j>Lp ^jLs tjS/l oIjJ^^J! 

o!jJj>c^s ^_>t^>cJl oIjJLs i)\j ^Jl ^yS"j-oJl *y>z}\ ^ aS ww 

.aJLLwJI Aj^J-^jj y>J (j'yi t_>y5L 


L^ol^j ^3 wLJL&JI j»Jj>cJI ^«-^>cJLwso <ij IwLL>c«oJI o J_a o_>lS ajJ 

>■ J L/wwJ 1 ^ l»v3 >-lj3-l • *-C^> Aj ^,-.--».t*- 1 ^ ^ ^ I >■ J L»w<»vJ I y**^~*J t IbO wj I 

LoJj"j . jd>Jl Jgj3.il OljJj>cJJ ^3 ^>L^vj'yi ^2JL)J t £J>“I^r^ij t J^sjJlj 

j-JgJl ^^>L^wvul t j-jJ jJj>c^J1 i)\Sj jJ-v2jJI J-iP a5"Lo—*’ yi5"l j-J->Jl i)\S 

Jj_i_*_lj I i_A .j_gjJl ^j_^>c_j3 oL>c_j1 0J_j 1 JJLoJl 4_Pj_*^Jl (_£j_>c_jj 

ojl^g*- 4 j>-j^ y oj^-vgJw<J' oLJl t J ^J! ojly>- 4 u^-jwL> (Surges) djLL^o'yi 

. ^Jj jJg | /^jaj Jjjs Co-b>- Ol j^xj A3tAp Lo-gJ t ^g-cJl 

j^a,,x- Jl ^3 ^wLJj>J 1 £j>-lyJlj ^wLaJI ^jA ^oJ d— ( J^Vl ^J-P JU" 

«240)(1239)(,238)(1237) (1850 _ 12 8 0 ) ^_^]| ^J^JLjJl 

(1650 _ 1640) SjjjJl ^1 (1610 _ 1560) oI-lU^JI 

y^i (1705 _ 1670) L^ojJl ^3 4jS^j.s JldA cdolsy 


. (Kangerdlugssuaq Glacier) j4 yJ *jJoyd 15 -UP (1233) 

I. Howat, I. R. Joughin and T. A. Scambos, «Rapid Changes in Ice Discharge from (1234) 
Greenland Outlet Glaciers,» Science, vol. 315 (2007), pp. 1559-1561. 

W. F. Budd and B. J. Mclnnes, «Periodic Surging of the Antarctic Ice Sheet-an (1235) 
Assessment by Modeling,» Hydrological Studies Bulletin, vol. 24-1 (1979), pp. 95-103. 

P. G. Fookes, «Some Aspects of the Geology of Svalbard,» Geology Today, vol. 24 (2008), (1236) 
pp. 146-152. 

A. Nesje and M. Kvamme, «Holocene Glacier and Climate Variations in Western (1237) 
Norway: Evidence for Early Holocene Glacier Demise and Multiple Neoglacial Events,» Geology, 
vol. 19(1991), pp. 610-612. 

B. H. Luckman, G. Holdsworth and G. D. Osborn, «Neoglacial Glacier Fluctuations in (1238) 
the Canadian Rockies,» Quaternary Research, vol. 39 (1993), pp. 144-153. 

J. I. Svendsen and J. Mangerud, «Holocene Glacial and Climate Variations on Spitsbergen, (1239) 
Svalbard,» The Holocene, vol. 7 (1997), pp. 45-57. 

A. Nesje and S. O. Dahl, Glaciers and Environmental Change (London: Arnold, 2000). (1240) 
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jJLs ^woj>cJ 1825 j 1816 ( j-o 12 djLaJJL dlc&j .(1750 _ 1720 ) 

dd j 2 ^_>c_^—L) ■£ j oLS”j . 1890 — 1850 ^j-o d— jLS" 


j 1 _ > ** 4-JLc^*_>jI j ( yj ^_JL*_)1 2)^JsJl <2j Lc^o*5L> 

LLL*JCa ^*/?Ldl ^3 £J>-I^21^ (_£ddj><Jl ^wLdJl ^SL J Looj^ .djLCoLojJl 
^LJ J (Patagonia) LJJLL JL~>- J ^jJl>J1 oL-w- jdl JJj .ojly>Jl 
Jlp olycjL j_L*dJ ^ J ((>Lp 11,500 - 12,900 JJ) J_JSll 

. ^3jd Ujd-v^ dJL~o jj ^yi Owdljda d^L^o-S” ^Jj ^L>Cd*>l Lad C (JldoJl 

jl1 <jUjl 4 j>wj j_& ^Lod^>- ^ d"^" d} d4d»pj 

. DJ ^Ju&L>o j_ft i^S j^Jl 


dd j.oS -uUJl ^L~J (Jj <. d->Iw\_L>c-oJJ JJLdl ^-jLv3 ^LclpI J)} 

|j_o JL3 j t. 4_P jl jAdj wl3 ^_->Lw^_J V y 1 (Jj_*_>J J) V C ^LdoJl j__*_d 

Ojl^j>cJl < d>-jwL> 43 *}Lp 4 J i >L^^j S y 1 (Jd_*->3 ^3 oljl J)} Lo-5" . o Jo C_P ljL^^ 

L^.^3 ^$3J-«^3 c 3 1 J-L^c^o31 Jj 1-^wO . ^^t^^vs2i i_3i J-*^£ oJol^woJl *«. 3 L-^a*I ^jmA L j-&j 

aIsloj ^Jj wdL>cJl jljj>cjl jL^jj .^Jdl J"! j d A^cdiS" J5”Lo-^ Lg_ja LUJl <^^>•'^1 

o L«woJ 1 ^o^^w^S” ^ 3 LwQi^S* ^ 5* 1 ^o j wdL.^^c_l! c 3 1 j^*2 .'i ^Lo Lw«^o' !do^ c 

Co 15" 1 ccL5 fc >L*Jl ylz-x-a J)| .oj_L>c_^Jl o j_pL i ^J-p LLj_*_^2^J| 

43jj>cdoJl 0oJl wdL>cJl oL>s JdJlS* t ACLLL t jl 1 L)LdJ 

oLvoJl o Sj& iJ y>z^3 . JJt>LowdL>- 4 j>c-oLv 23 ^i-P ( Jl5LUo ^d 1 CpI^ o>c-Jl y# 

^s- JL-l>Jl oL«i iS j^ljj . (1242 ’ > >Lo< ..]gll iw~oU! JjJa ( _ 5 J- P 

cjJ_*->3 ^3 0j-dS" djl4jdj>c_>3 ^1 ^C_dd 4_S"<—-’L^o'^l cJ>LJ>- jwd>dw^Jl 

c ^i^dL Lddl oL<>idl 1 wLJ c ^_jLw^vo'L/ 1 <, La jcp j .wL_L>d 1 ^_jL 


(1243) 


^Lp 100 Jl 10 J5 oLoju 


. <d*o2j ^_ > 


L-wvo^y i -L*jj 


pl^J>-l jlj . J ^->r ■>./?, 11^ 4_> J-)')}] ^/Jj'yi ^r-jg.,*,^ (J yS>- wd_L>J 1 ^_>c2g ^LLAj 
t jl Ja_v2_» L^_v2_^_ij t Li jj>c-^j JdLLdJ Ja_i_v2_> yj>c Llj jjJt */?. j 1 


R. P. Ackert [et al.], «Patagonian Glacier Response during the Late Glacial-Holocene (1241) 
Transition,» Science, vol. 321 (2008), pp. 392-395. 


. (Moulins) jiJ y (1242) 

P. G. Fookes, «Some Aspects of the Geology of Svalbard,» Geology Today, vol. 24 (2008), (1243) 
pp. 146-152. 
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.Ca ^dJl olSUJl yA ol j^a jL5Jl oUs xJl^JL 4_L>j>- y£L<±j ^>- s yi Lg_U.*->j 
jJj • (_^?° ^r*^*-* ®(Boulders) J^a^K>- o^Ijj ^ <1)1 y£L*jj 

.^JgLuJlj AjiJU*Jl L^UU- Lg->1 ^i-p LojJJ wL>j*!)\j>cJ! oU& O-av ?j 

.l^_sl j]p\ j\ y j»l5 jS j^a >UcJI oU& yzyiz t oIwU^Ul Ujjp 

oJ-L>c^>Jl ( /^>s ^jJjl)1 <JU>- ^Jwo^>o c y> c-Jl ^jJLo oJ-L>c^oJl cj 15" tajj 

.jJl>JI o jjc^A oULS*j 3 j->c^ oIjJl^JI o-~Uj .U*u LJl y* lj^Uygj L>1 
d)l ^-*-~JgJl yd aJ)j .jJu>J| IjL^jl aJ j_SU jl i^jUjJ U-> 1^ 
jl Aji33 ^jp jJa/J 1 c^>c-Jl UJJP ~lJi>Jl ( /^>s o oIjJl>^J| 

. £-1 j_^Jl Ojl A^>“J.5 Uw\j>-I C ^Jwol jP SJ_*J AaUx* JJl>J 1 ^Uj ^UoP (jjj . A»Ojj-f 

olj_i3 J^L>- c oljJ->c_^Jl ya cJjJu J-wL>cJl oL jjUJI Li^\_>- 

C I.J_J>- *lSU_Ow^ai (j jdd O’U^'yi od_A ^_9 J—Uj>c_J| ^_jLa_v^ (jLs c ^_> ^_SUl ^1 yo^l 

t ^^JaJlj t Aj jJ )gA~l-~.] (^JVl (^^ij olJ-L>^ U-ww^^/) oj-b*da ^UjJ j 

^jLLyg ^>UjJ wii j .4^»jLp J»Jj>- (JU>- ( J^SUU jj J-*_) ( Jl^2j2JJj J^J*>UcJlJ ^Jw4 j} lj 

y^>~ -LJ->cJl (JL*>- v_d)| \aj .^->“jJl ( J^*-aj I 3 jl jwL>«jw« ^3 ^Ijy oJl>J1 

JjU.pI < y oUjjJl (jli .olJ-L>c«oJl AJaJUUJlj <WjUJ 1 ^l^<>Jl <^*ajZj 

U-pU (1) ^S\J C ^L?l jUJl l^UwoJl d-»ljUJl y2JL) o^vJ C d-> LU_>c^J I 

4_iUj IjLpj C oX-*j yS\y ya l^Uj jU^Jl j^_3 oU y yy>cJ jJ t U-S” .1J-^- 
cijU-jL^JI 4_ s ^U>c_>) a^jwX 3 djLoLS" lilJLs^lj ^-jU- IjUpj c^Ij^JI 

cJU>- 1^3 ^>jJJ 0 j-o J5 ^_5^J *oA_> wLU>- lJU>- Ala3UjL« ^1 (A-ooUJl 

^ ^ 3 Aj j->c- yg w C 1 ^*1 1 ^(»JC 1 

ajjJl>JI tJU>cJl jLj ^s^j>o oUU-p ( Jl^2j>oj 1 U& .U-pUll jj>Ul yj cj y~j 
cJU>tJl yA yys^L) 3jU)l ^UoJl yA 0>1 ySi}j c c^_3 jJl cjl 

A_L) y& OjJLS JJwd A L?, 3 U^JlU 1 j_^>3 *>U>eJ 1 oUi? O. ]g >- jJ jJj . ^4_J J_Uj>cJ I 

AjXJlpJI cJU>cJl JJj U 3 j-yg-P J5 ^3 cUULUj C5* 

(Titanic) dLJbjlJ i_oLJl J^ Jl ^JUl jl5 JLiJ .i_jjJu t Jil oUAJ y> 
(Shipping) Jl -.<? >j Ij_a 4_*_sJjw<>Jl *c->J-tJl Jh->=Jl oJ_a j_?-I j_a 

jgj la >- ( _ 5 -J- f ' i ojj la >- j-5-S’l oijLi CjIjJLS J“>Ll^ 


C. L. Hulbe [et al.], «Catastrophic Ice Shelf Breakup as the Source of Heinrich Event (1244) 
Icebergs,» Palaoeoceanography, (2004), doi: 10,1029/2003PA000890. 
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y Ja>- S' j j5sj <jV <• y? y 


tw^Jg-4-li y* L>yj>- y5l c~*_9JJI J-J->cJl JL^>- b)l i3LL&j 

_ 118000 JJ) SybSlI S^jUl SyDl J^U>- IJLy! Jl«c J^L. J\ jLcJl 
dJLJg l«*i yj .CoLJl yo (J^^j Cp-cJjJI cJb^>sJl (_£y*cJ t <uJ-Pj .(^^p* 14000 

y-ljl ^y di-ta c-iLJc5l jJj c o j-£-*/ 2 -Lo 4 _>J-Jj>- JL^>- y« oLp Sjj_l_^>Jl 


LaLL^-j t (Hartmut Heinrich) 


jl_A 


;l_A ^_JL*jl 0 jJljl 


i ^»Lp 60000 ( Jy L« ^jyjL& 

(1245) ~ 


&J~i 

♦ . i . & i . X - 

•£Lr4 

.' ; J»Jj>Jl *Uap j!5 Up oJ-oo cJl5 3j*J>-}!l oyjJl ol 

Ja^>c^oJ' (jLo-Ji ^y 3^y>-bM c*~o5»cJl ya C>Co 

(1247)(1246)^ a | 3ra( j or j -k~>J io_>Ji i>jli SJ-qJU~qJ| 

*\y?\ l y^j . (1248) (Laurentide) JbbdjjJ JuLr j-=C G? 

5w\jLwo Co 15 bo^j^Vl JlJj>J| ^jLLv? d)l ^LcJl JgLw>c^>Jl y« y-l 

JoLojj i/ yy- a^a^> y ul>-* 5y t Jy y> 

^JLJg ^bo^l 4_>J-Jj>- cJbo>- jJlJ L*Lp 1250 ^Jl 50 y* dJLJg c-J2aJ 

/ Ja^Jl jLw y olyo 10 L^5Uw ^yU* 


b)LS" olwl^-'y jJj 4jjJ> 3j_3 b^o CjI> 3j-* J.5 ^y 

• c>L>-j. 5 ^-yg_) ojIjJLj oJUJl Sjly>cJl as^-js ^y ^y>— lobo ^y?Li> cj! dibwA 


W. S. Broecker and S. Hemming, «Climate Swings Come into Focus,» Science, vol. 294 (1245) 
(2001), pp. 2308-2309. 

S. R. Hemming [et al.], «Provenance of Heinrich Layers in Core V28-82, Northeastern (1246) 
Atlantic: 40 Ar/ 39 Ar Ages of Ice-rafted Hornblendem Pb Isotopes in Feldspar Grains, and Nd-Sr-Pb 
Isotopes in the Fine Sediment Fraction,» Earth and Planetary Science Letters, vol. 164 (1998), pp. 317- 
333. 

S. Huon [et al.], «Sources of Fine-Sized Organic Matter in Northern Atlantic Heinrich (1247) 
Layers: 0 13 C and 0 I5 N Tracers,» Geochimica et Cosmochimica Acta, vol. 66 (2002), pp. 223-239. 

W. Broecker [et al.], «Origin of the North Atlantic’s Heinrich Events,» Climate Dynamics, (1248) 
vol. 6 (1992), pp. 265-273. 

F. E. Grousset [et al.], «Were the North Atlantic Heinrich Events Triggered by the (1249) 
Behaviour of the European Ice Sheets,» Geology, vol. 28 (2000), pp. 123-126. 

J. D. Scourse [et al.], «The Origin of Heinrich Layers: Evidence from H2 for European (1250) 
Precursor Events,» Earth and Planetary Science Letters, vol. 182 (2000), pp. 187-195. 

J. A Dowdeswell [et al.], «Iceberg Production, Debris Rafting, and the Extent and Thickness (1251) 
of Heinrich Layers (H-l, H-2) in North Atlantic Sediments,» Geology, vol. 23 (1995), pp. 310-304. 
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^3 Lja_>l O jJl c olia-^T^Jl ^^3 o3jLJl ol^JLaJl od-A 

Ls^Ij2j>cjI d«-—<J 1 ^_>c— )l ^r-)g *ai jJLa^A APtlj I t (JljLo-ll ^^_Lp . 4 L-L>-lw\Jl 

. ^j/23 lju -Xi jUa^a^l JasL^o Jl IL—*o c <2jJks>- L^3 d)l5" o ^>5 JS" ^5 1 -C J~Jo 

j-ij .^j 3 1 1 ^jjs oljjL^J (1)1 ld-& j-woj 

^^Jlp J-*-pI (»Lp 1500 LaJLJj (Bond Cycles) JJ j_> ol jj 3 o_L>^ 

<±j\Jc^\ Ji* 3 I j^>\ ol<jl aJ-* (. (Lake Baikal) JISLj S ^->0 L^<wlj L y?j s l\ 

. o lJg.>.>c^>J L) ^w?L>- cu~J 

a>-jJ-> jL*jo ^ 4 JI c ^.j j*j* ^ J*j>- (cleaving) <-^>l*_JL>l JJ 

^dJl j-J->cJl volj J—L>cJl ^5"! j^j ^Co L>Jj SjI j >Jl 

.4_LjJi9 AJw*j oJa J*3 



(Neoglobigrina S 3 jLJl oLlI J-p L^iLkJl ol^j-^jil ^-o <J\-S 3 ~i_p : 26 JJL^tJl 
JLa cJlTj 1 JiUtd! Sjl^i-l l>- j 3 ^_Jla7j 3 jj^i o!jJLil! 4 L --0 pachyderma) 

JJO (Tupa Eruption) LjJ j J-*-> (j»Lp 63000 Jl 70000 JJ0 J jJa-o S 3 j L S 
J*3 3^jj (^l-P 27000j 36000 148000 J-s) S3jb oljj3 JE-a dJlSJ .(^Ip 74000 
Lo s jZa Jl ^ w>Ul f Lp 6000 Jl J*>U SJbJLi oLLB JLa ^j .j»Ip 15000 Jl 25000 
(^j 0 ULJ 2 ) aJJ-L alJo ^^ULI cJ j3 ^jlj .a^-LJ.1 SjIjJ-I a>-j jJ a»> jJJ-I 

t S3 jLJI <U- 0 j*yi oj-Aj t 4 jJLJL>- ^jLL^? tjJ Aj jjj>- JLj>- ^j -0 0 L- 0 J 

. A^dUl ALa^Vl ^%J^ 


A. A. Prokopenko [et al.], «Continental Response tp Heinrich events and Bond Cycles in (1252) 
Sedimentary Record of Lake Baikal, Siberia,» Global and Planetary Change, vol. 28 (2001), pp. 217-226. 
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Ol 


(Dansgaard-Oeschger) 


(1253) 


oljji o—jI—S” 


Ip 100000 Jl J*>U>- 


£Lrd 


Ia 


j_2 ^LJl SJdLJl ^a t. ^ 

<uLL*jc<>JI 4j^ljJlj SijUl £_jb5 /v-jj JU-j ;j 


,15 




.<115 3 j54J ^Lo-jUl l_i_v3jJl CjljjjJl oJL^-i 


CJjJ! ]g->i-<Jlj 


. ]gg 1 'j » IjjIjjj-°j 


^a _^jIa 5->I.Ta-I tlhj oj5l]| ^3 dhjj.5 

j_Jl>JI ^jLjLv^J wLjLoj^J wiw^Lj>- ^_jLa_v2J £_lg_4JLow) 1 ^^Jl 4 _jL>cJL^>I 


(1254) 


4»3 Ij wL.^^ai ^ I 


jja\ lu jS Ijl. lILla (jl oLwjJ oIjJl^JI 4JjL>&>j L)j 

4 ^-jjJ 4_>L>c2L^i| 4_L?Lwv^o jl J-d->c_Jl ^jLj2_^5 l )\-3 . JJLyg-^ J ^3La*» 

2.5 La-C*L>- < u-v?j % yi 3j^sJJ c_4-v2jJJ 1)15"^ .<Lo^SDl ojl^>cJl 

^ J .^Lp 37 La•-^ l^ - ^j^>Jl <jl5 Lo»Lo c ^»Lp 

(1)1 jg.^3 Ojl J >cjl 4j>-jjj La ^O-J jl -UL>J| ^jljLs^aj lgAAAAA.ll <l)l> jjJJ ^^O-) 

4 _P dll 3 (_ 5 ^J t jl j^JLa^iL I._>J jj J ^>LaJo J C Olj-U^jl .dll 3 j-wsaJ 2 J 

SJ-L>c-^ c 1997 aL*JI ^3 JldoJl Jua^-ai ^J-*3 

Ldw^-p LSLSj ^^iJl (Jakobshavn Isbrae) ci^jl c j3Laj_>^5L>- 

t ^j-wvJl ^ 3 jJl ^Jl g-^lg.A.11 c-i^dSUl ^>s c 1 Jj1)Ll>^p ^>-1^ ^Lp lg^>c-x>J 1 

Jd 4j 1 C L>- ^Sn-a^aJ C ^3 j . 0 J_L>e_x>J 1 ^o_) lp j*a> 4j 2_PLyfl-pj ^l^Jo Lowa3 
. dj\ J-L>c^oJl ^JjIa^iI (Jjlj-J ^_5^1l ® ^-g-yg-LoJl c_4^vgJl oL~a J_)^o ill-LA 
1 J-j A3 JJl>^J1 4_jL_^_) ^3 (_£^_>c-Jl (jUjJl ^3 ^—jL^JI AJl^JI 1)1 j->-1 ^*3 
(. ^3^-ojJl 13 _a (_5^ A^_l>cJl wL)^>Jl <_jLwaaL g^c^sLwAi tdl5ldJL> 

(1)1 J_j j_>- ^J^o-p ^j2Lsl_j .J-J->cJl < 4 _LjJ-j 4-JLS" j -^jlL 1 ^-5"^ illj^A ^vwJ 

oJ-l>c^s ^3 i—’L^vu'yi djl^J 1^*^1*^1 d/ 4 j-*-^ji ^^r 5 * 0 dr 4 ^^Idll oL^xll (J j-^j 
(1)1 4jl^A>cJ jl ^klll 5 ill-LA t _ < ^ > “1 6_^Jp 


.X>y^J> 4Jl>- cj j, 3000 j] 1450 j\ 1000 oljji ^ jl^5Ul 5JU ^bil oljljial (1253) 

D. C. Leuschner and F. Sirocko, «The Low-Latitude Monsoon Climate during (1254) 
Dansgaard-Oeschger Cycles and Heinrich Events,» Quaternary Science Reviews, vol. 19 (2000), pp. 243- 
254. 

D. M. Holland [et al.], «Acceleration of Jakobshavn Isbrae Triggered by Warm (1255) 
Subsurface Ocean Waters ,» Nature Geoscience, vol. 1 (2008), pp. 659-664. 
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1^ c —' j '•<>. 1I ^Lj^3 . o wA_1_>t,. •<>■,]i j w \ *./? a ^ ^ 3 1 ^ 3 ' 

.lOa- U 43 yj *UU iS J-Ul ojLUlj Ja^j>tUl jljj3 j)V j^Jl jl 

.4_ojlS" 4 JL*-*J0-L^- UjLo0^a> Aj| J $ JwLJ Aj jU>sJl jLaUl ^jL*JL>I jl ^P 

3 ^Jl ^_L>cJl t^UaJL)!^ O jU>^P ^3 JJl>J| ^j\Jl>3? jU»~^ 

LjOpj . jUaUl ^3 Jg-x_vfl_>i (_£ jJl ^JUl a-Uj ^jli ^Ul y c 5 ^ .ol^US" 

Ja-i-s^ 5 ^-oLo j- 5 ^ jU-aUl Aat-P^a j^S. JLL> c J-U>cJl Aa-c-uO^ ^ip ^-LUl .la. a*~.j 
4_sL>- ^Lp ‘*—■ , jU> jl 0 oLw^UU c jU->J| ^Lwvju Lajjp-j .L^jjj 

C j_>c-Jl gja-*^ ^jJO^a Op ‘OaU'^l 43L>cJl JJpj oJ-L>c-Ul jl jJlaJl ^pL^wvu! 
^cJUl ^|SLo> ^Jl 0 L- 0 JI jl .IwL_*_i ajwL_L>- j/U>- ^JSLoJ jUaUl ijlSLjo 


^3 wLjI^j OjI ^_>cJ| 4_>-j 3 ^3 ^LUjI . Ja. -s >c^Ul 


oLwO 


cr* 


;U 


^ y^~j» f y ^*abl>tjl AP jl ^^o-> ^Ul t ^cJUl Ja3Uu ^3 J_>ljj^ c ja*c-Ul 

Uljp jLS" l^| a >Oj jl Lva_>l ^_>c-j| ^Ja-^» ^ ^JLwvwoJ ^j_5.^_>c-Jl ^rJa.^ 

I^lj .jPcUl ^UaUl ^pL^wvoI jj_^3 f y ^/?-3jj j\ JUpUI jL>j3 f y y 2 -^ jj 

^Ja-^ ^jJLwvw^ £jujj oj-^3 c ^_ljjl ^-^"1 y {y* ^j-^l wLj_>cJl jl_>j3 jJ_*_^ jLS" 
. .Ja.^>e^>Jl oLw« ^L*J LyffljI ^L>y jl ^>c-Jl ^r-la ,*ai ^ jJLwvwoJ Lo-S" .^y>c-Jl 

^x3 jl 4 _*^oLJ| 1^1 ^y?A>xy j\ ^ibjj jl ^>c-Jl ^r.la,*A» ^ 

4^voLJl ^r.la„*Ai y> A^oJl 10 y**-> Lw? jL L^Jp .Ja.^>c^oJl 

.1 70 I la« ai ^ ^ 313c.3^-*»*^3 


.US' ^tjljLvaJl 0 j_A 


•ci^’ V s 


13 l3jj .^JjJl 
c cM jr° Jij 


y>x-*/2 J-j->cJL3 .J-j_>cJl ^jjLyg ^3 *L^j2j>c_>J ^a_v2_flJl wL>J_*Jl 
j| .^s^Ujl ^jp lUa-xJ A^-Ja A^*aij y>e^> ^UaxJl iwJ jlj • y 

^cJjtL) y >-1 JajL^vJo ^Jaao y&J t A^wJl oj_A ^3 aJp Jisla^s ^^>-'^1 ^c-bJl JajLwvu 

cialJ^-'yI ^jp iLwJo ^Ip'yi oLUa.il U j.IwXSL^j y~\ U3Loo Uajl ^la^j 

jJiaJl j| .^Lo_)J_i o! J-a-l yS' ojA j 2 _^o-*J| oLaUa.il jUa_*Jj c aL-L>J| 
c AjjUp Ov?I y^ J *• Oj LS” jj O’ I j L>c_aj I j c <Uj J3 O’ L>- lo J^P ^3 y^-^ c-a-wJ»jl 


. jLpj L A^jjJ AU"j-o JP^LOoj L U yyyu-i o!jL>cj1jIj 


. Ax>-> jJ 

. -«0 JaUoj 


oUUl oU& JajLoJj . (O 16 ) ul>I 0I3 LaU> y>^s ]I aUoP yjjb 

c«aU>cJl ^^>t^U'^!/l (Jljj w\U>Ul «lU>p cJjL>- .jUj>- ^jLoaS" c ^UiU 
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. (O 18 ) y^>*^S^lL) ojSy* oUa^>c^Jl ^3 oL^<Jl olla^c^Jl 

4_)wL_L>eJl *LoJL*J! a_> y> c-Jl oLulSsJl ^w2j . oLs^>cJl (1)j_S\J I-lSs-aj 

L . 0 16 _J 4-J-P ACaj*)/| ^3 Cj IS" Lo»Co cO 18 _j ‘ClP 


3 ^^>a ^ ^ 3 Lx>3' Ojl^.^tJ! 0 »0 L^»^^*~ ^ L >-C^l_>c_j I ^3 * im S* *)/ 1 

C 14 -Jl ^Jca jjUaj obijLa Aojjl CjL^S" LwJg-xJj .^JcJl Ja^L^J 

.^j j50l ( /ys JalJcJ L>cjjIj Be 10 _Jlj 



4-wyali! CO 2 —)l Sj! y>- 4_j>-j^ Juli-I k^J L^-j^-j j>Lp 400000 ^j- 0 <waJ : 27 J*5LcJ! 

olJj^ U^J ASUaJl Jo>Oj t ^ry> C -^5” % ^l ^JaJ iw^S' jJj c (CH 4 ) jlll! c 


. 0 «AjJ*P Aj-LJ^ La Aj-yala ACoj! AAll^ d~*~J A*JUM ACojVl (J1 




j-Jj>cJl doULJa ^3 cc~^3d^lpL^S” ^>15"^L«Ja^L^o cJLo-*jl-*j! 

0 J-j wLJo A 3 J-) 15 j-Jl .5 La ^Jl | 5 _& ^jjIj ^L>c_)| ySL^jj . Lo jJU Aoj ^3 <^j|jj>-l ^j-a ^JCj 

^15^-Jl ^Jl ^Lwo-^S" cjL<>-*JL^al y^^yj l iyjj Lla.J \ ^jjLJl CC>L-Laj yja JuJlsSj ^yyL>j 

y*j>-jj Coj^S" ( /j-a o j~S CoLai” ( /j^S'l <—bSjSjj .^oL& L)l5"jO JjJj>cJ 

J^SCccJ f-LoJl ^a JaJca>xj^ wC^S"lxo ^5Jl c cc-> wCwi^S"! (J-w*»LiJl jLp) 

.w\^L>cJl ^3 CCo j^SsJL ^UCP AjaJa.S' <• ^-^Jl ^y 2 ^>- 


N. Shackleton, «Oxygen Isotopes, Ice Volumes and Sea Level,» Quaternary Science (1256) 
Reviews , vol. 6 (1987), pp. 183-190. 
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©Ua j t ^.uu luujj ijiu s^jLJi j]\ ^Ojj'yi 
^ jS-d/1 j-& Jaj2j>tj cLUxJl ol^3 JdlS- cUS-Ul jLjJI oJj .J-J->tJl ^3 

^J-p g-Lyg-jj-lI ^^j'yI ^jli>- jU*Jl ^1? 40000 ^Jl js>- ]g«»o .jlJl>JI 

^j-SUoo C cSj_*jJ| jL>tJ>“'yij oL_jJ_*Jl J CjL_*_Jl jjj .j»l_P JU” ^_3 I 

( /j^s J_)iaiL,yj I 0jL>- ^jj>c^>Jl J^LdjJl ^3 cl^U jJI JuI^JL^cU 

dU-*JC>l ( ^SU->J C /^USl ^jj ^3 U-s-^d/j ^Ip JS“ ^3 olJcJl jUp 

J-J->cJl ^3 4 _L>c-w^j 4_4jIjjJ| oli oIjUx-aj! *dr°j^^ ^»USJ jU*JI 

^^>Jl <-S*)U-Sl ^ LsU^Ij c^U- lc>-j o JjwLjJl jjijUl d)*y 
^_Lp ^^Lo-^-Vl oUa JgJUS) .oJ_>j_3 cSLw^S C3 *>\_p oUa l)}j .(_£jJ_*Jl 
jUc^lj C^LoCoJl jUp ^-dp US-j I C>l^Oc-Jl Ja_sL>cj US' .jU->tJl ^3 JsjU-cjj 
jl *cUIp col5 l)| Laj-^o j^SU-j jUJl SjIa^-I <jjl^o-jj <. ^j*S \^Jlj cS'jcJl 

. d>t>s 


^oU&J cJl>JI ^3 c e-\ oIpIa3 j l cJUJl jU*JI (JU^c-4 
cL—Sjojj djjj^ij tjUc-^Jij uUj—S j co^_jL_*_ji ccjj^yi ^_3 CO2 — si 

jU; ^JJi jCC' j J^Sfl Jl 4*Jl olpUi ji _j. . a257) ^j_Ci 

^3 £-1j^Jl J^P 0 L 0 jI^Jl Jl US' . £-1 j_gJl djjC>c^J jJw2j j t. > jU UwCP 4 j jj_L 


dr" 








C>-j 


JjDl icjVl 


d LS" . Uo-plS 4 

(ISjl) jjjjj')! 0 j ^ (^U^j _ ivij) JU-pL d^oU^Ul 

j . (Punic wars) iJjJl jy>Jl Juj^cJ SDij (Lavrion Attika) 

c»Mp UUol (Roman base) iJU j ^Jl SJj^liJl J j ISdJl ^ jJl 

c 4_> jj ^ I oLwo-Jl jJ>- C>I^_L3 ^-IwwwUl JJj-iJ . C-vSj'y I 0 jSs_U ^LcJl c_i_v 2 J-Jl 
UjUj^J l aSJ .Jl ( /jSsJj c oLjIS”JcJlJ ^jUvwoJlj ^j-^ljJ^lj c jljJL>Jlj c jJaJlj 
^jU» ^Jl ^^Jl dUj^Jl ^bw*-l Aij t cSdlj ^jjwLcJl ^.Jg_p*yI 

^^U^ 5 jJl cl)^-*-^ 3 j-4r'^° ( o2_pU?j .^UJaJl ^jjy>xJj ^jjUdl f-U ^3 IJLvaJlj ( JS'UU 
c.l^JS djjjl U>j-Sj (Sc>UJl ^3 ^j^U^^Jl ^ j^ 3 ^ 3 UUv^l 4 '-*- j jl 
cJSdSJ ^Sl JSMc j_p c_L>- ^slU^ ^^jU^ 5 ^1 cUS c o^UJl c >U*o 


D. M. Etheridge, G. I. Pearman and F. de Silva, «Atmospheric Trace-Gas Variations as (1257) 
Revealed by Air Trapped in an Ice Core from Law Dome, Antarctica,» Annals of Glaciology, vol. 10 
(1988), pp. 28-33. 
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<L<>ws/2j l)| • .itA-woJl J-*_i 300j cJ^ 000 

(. (Celts) o^-jlLwvJI 2)15" yyy ')]I o->j-o ^_>-ljwoJJ .5 j_*J 

• ^Jlj ^5Jlj t oLj-J-^ cLLLoJlj 


(Low ® j jjLiil iJ)) J-^fc-)l C_JaJL)l -LJj>- j j_s^ 2 J>c-oJl *1 y$}\ 

c(iuJl 29) C0 2 ySy 4 »w^LjJl j»Ip 2000 J*Ai>- jl5 Iwbl^J 2)1 Dome) 

CO 2 Jl l)1j t ( 4 X 0 JI ^5 21) N 2 O ^j-^j^ xjJl J-^^51 j (aX<JI ^5 150) oL^oJlj 
Jj -^3 ^ L^jI^lo 1955 _ 1940 ^ 312 ppmv _ 310 yc^\ 

CO 2 0 UU- 0 I yA jLg.dj dUlxA ^Jj c j^xjJl J-^ilS'lj (jlXwoJl 

. (1259) oL-UI jr* M-b C0 2 -kij JLi iaj>c_oJl jpJ Oij 1955-1940 ^ S-lJcol 
J) jJwJ Jl _3jjJa JjJ>cJ J*>L>- iijJj*- CO 2 jlI jl ,jj> jv-jjJl 

U-Uy jJ <d Ml tL_jM ^11 Jl ^ ^M^a^Jlj tlbjM 

. C0 2 JJ JU.VI Jjji» jl_^l 


j-yi- 870 ^L^-j 610 j»Lp t j_o t jjJL-jJl JL-^51 ^ ^^^LLJl j-J«jJI jl 
J_™5Ij jlLs-aj (Law Dome) CO2 jjjLaJl <l~3 j_J->- . 

^^jj/l j_~JJ Lo-)j (. jsJ* ■(? 11 j^J-J->Jl j */5 x Jl ^3 

Mj ^LbJl ^3 olj-^J jLiJl ^~Sy> jl oJ S' oLjj3 . 3 ^_j 

(1261 )( 1260 ) ! 



Li-L* 


1 


Jlo 


. oJ_>J_P bbLaJjljj jL^-jll s2-xj ^3 o|j_l>c^JI <L>Lgj jxj 

b J IjboJl ^Lp • 4JL)lj JJl>J| LaJjLa ^JLo t j1 olijl ^3j 


S. Hong [et al.], «Greenland Ice Evidence of Hemispheric Lead Pollution Two Millennia (1258) 
ago by Greek and Roman Civilizations,» Science , vol. 265 (1994), pp. 1841-1843. 

C. MacFarling Meure [et al.], «Law Dome CO 2 , CH 4 and N 2 0 Ice Core Records (1259) 
Extended to 2000 Years BP,» Geophysical Research Letters, vol. 33 (2006), doi: 10.1029/2006GL026152. 
W. F. Ruddiman, «The Anthropogenic Greenhouse Era Began Thousands of Years (1260) 
Ago,» Climate Change, vol. 61 (2003), pp. 261-293. 

E. Bauer [et al.], «Assessing Climate Forcings of the Earth System for the Past (1261) 
Millennium,» Geophysical Research Letters, vol. 30 (2003), doi 10.1029/2002GL016639. 

M. A. E. Browne, «Late-Devensian Marine Limits and Pattern of Deglaciation of the (1262) 
Strathern Area, Tayside,» Scottish Journal of Geology, vol. 16 (1980), pp. 221-230. 

J. Everest and P. Kubik, «The Deglaciation of Eastern Scotland: Cosmogenic °Be (1263) 
Evidence for a Late Glacial Stillstand,» Journal of Quaternary Science, vol. 21 (2006), pp. 95-104. 
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^c_>jL lj oJa_p v 3 I 

<jl J^3 oUj>-IjJj oLsJJLj oJ-P Cj"A>j . 4_j jj>c-Jl <j j_^_>c_^Jl olJl 

^Jj jJl>JI Joj>- .J-wl->sJl ^y* aJU>- Iw\JwL>1 ^-w2j 

o j_p ^ji c ^_>2_j"(J I jj> *yj .^LaJj^L IwLlIj olj-j J-Jl>JI L>jJ_lpj 

. ^Jj j^J>c-yg-ll (ji Uj-^>tJ AJijJl Jjs C1^1 j2j>-j 

C—LSCJiJ ^oUajjJ jjjJI 4 j>c^Ls^ ol 4_^LJL« ^jLu (.ir^j 

J 4_jL^xJl^LS" ^j>-1 j^j ^wLajo d-oLS" 1 jJl^JI 

.V 


(1266) 


Jjl3 . L*_>Lj wL>- LS"(JLowJu ^3 -LjLojJ 4_>e d)L>j^ (1)15' Lo->j 

L^5"Lo—*» Cj 15"j c jjIa jlj \ jj ^ j >- oj_A> J»Jj>cJl a>c cJu^j 

^Lp 4_>wLJj>cJ 1 ^jLa-vaJl c^«Aa ^Lp 20000 J^3 CjISj .olJ-*5" 

t La^-^-s^ 5 Lo-g_3 oj wOl_>cJl ^>j-wvJl jl>jJJl oLLp d)J .^jVI 

JiL>j j^P 0»wl>cJl 4 jwLJj>cJ 1 ^jLoaJl olli^Moj 


(1267)..., » 

. 4_£3|^)Js O-Jj 0j^> 


^_pj <. o_L>- 4 _S"jLLH j ^3 Be 10 oJjJj>- co jJLs 

.JU :>JJ c 14 


4 j>z^JLs <2 £_>“l J-> ( -^ 


^lijjl> L*_>(1)15" oLojj 

0.7j (ow^> flp 8500 Jl 9000 JJ) jjJl J ^ 1.3 _> ^Jl ^ 

4 J oJl^ o JJJ jlj . ° 268) ( r U 6800 Jl 7600 JJ) jjJl J ^ 

( j^j) 4_) wOL>eJ 1 J_*_> 1 >S ‘OjjVI ^3 (1) jJLJI ^3 Jj>- Ij jJ>c-Jl 


.(jN 1 


Lp 14000 


^ 1 1 ^ ^.1 ^C— 1 1 l - 1^ A 1 1 


' r 

L>c2L^i 1 


A. M. McCabe [et al.], «A Revised Model for the Last Deglaciation of Eastern Scotland,» (1264) 
Journal of the Geological Society, London, vol. 164 (2007), pp. 313-316. 

J. B. Sissons, D. E. Smith and R. A. Cullingforth, «Late-Glacial and Post-Glacial (1265) 
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H. P. Sejrup [et al.], «Late Weichselian Glaciations History of the Northern North Sea,» (1266) 
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M. Siddall and M. R. Kaplan, «A Tale of Two Ice Sheets,» Nature Geoscience, vol. 1 (1267) 
(2008), pp. 570-571. 

A. E. Carlson [et al.], «Rapid Early Holocene Deglaciation of the Laurentide Ice Sheet,» (1268) 
Nature Geoscience, vol. 1 (2008), pp. 620-624. 
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L^Lw* j} Jjy JjJLj / ^Lp Aj^kj 

3^-3 tSil>- 4_ojl tjUuJl ^^Jlp) cJjJI 3l)S IjlSL- jlS” liU- L : ki 

c_3aJL)l 3cl)} j->-l 3"dk-Lo ^ (^jjJj> 3I iwJa_aJl 

3^ j*Lp 4 j*)\J J---9 4j^jI ^jyAsA j}j <} jJ 

d->l—o ^j 2^>-I ^^- J>tJ jkg—>1 C I J-Lj j-i 4_>^->1 C_5“^ CJ - **w—kJLl' 

. oLjjLas^j ol<. (oli-J>lj jUtkj tolt-Jij c 

!*La JJuj .iLwL>Jl L»3^ <1)13 jJ^>cJl c_3ajj.il 3 0 j_A C-Jwo JL3 j 

J2J33 ^Lp 4j*!Aj (J^M Lw^wvO li3 (1)13 ^ jjj>cJl C_3ajjJl (1)1 ^1-P 1 

4»ji^v^ ^*-*3 J A *.£>}) 1 d-*J>cJ 3 j*J* 4j>~j 3 12 _J p323l Ojl jA>- <lJ L>-j 3 Ja^j jJjs £-4 


(1273)- 


4_>^Sjj CL>L>“J.5 5 ^_^} > Ojl jA>- clJU-jJ> £>3 0 j^423 


[ C) 0 j ^ ^ } -U-oj L* ^ a l ^ ^^^31 (^JajiJl c — 1 ) 

d-«J^o .jL^_>* 53 ^J>jLi *U>c-3_vaJl 4_sL>- ^_9 J_3_>3l 03 • CjJ-> cJl ^_>c_3l ^r-la-*,j 

^LoJl ^jj3 1 J~y> 31 jA>XJ^ ^3 <Lj>- ^Jl <LuLj>-*3Jl 3 ^-<3J dL>Lw3j.5 

c ^Lp 5500 tj>Lp 10500j c^Lp 18000 ( J^ (j-^JJ c_r^ kJL>j »—3 jl*JI 
oljLJ £jj cLLl3IjLoVI oLw« oljj^ 13-& jJlj • ^Lp 1500j ^Lp 2500j 
> wJa3Jl j£* J»Jj>cJl ^jLLj^ OjtgJl li} / ^U-3 3jj>c2o 4«oo3> 

3^ OloJ-P 1 j-A O-b- J-A3 C L>-L3o 01 ^w^fo OjI^ j ^®j'* ^j^kl 
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jJl>- jL£ iN oJLt- ji 1o7j .(_gJ-l S 


oAr*^' 


(1276)- 


• I ^*j2_P 


‘LxJij a5jj jJl j-j5l JCwJajaJl 


(1279)0278) 


y>z Jl ^li 


oL^*> J j 4jwLJj>cJ| oL yJ y>J2-wJl 


(dJL^jSfl) JU-iJl yJ*2Jl 

. L-Oww^l 1 L ., - ^ Q I' ^f. 3 ^ ^5* LowwJ 1 —LoJ>dxJ 1 . I ^ J 0 ! JJ-P 

.5 ya *lJ_P (JjJLwv^a •«_j-»-P -L<>^>c2L»Jl . Jg.*>c^oJI ^jjL> l)} 

^_3jj j_jj_>joL*jIj ys ^_9 Aj2-wo-P >jJLj ^j-^ 5 C-Lo J-JLs .3j_J^LwS j-^ 

isib iJaj ^Jwojl y 'yiiol ^JaiJl Jay^ y (Lomonosov Ridge) 

IJL* j! JL-p! OJ^J . (1280) *U. jJl* 55 JJ» JJ ijjl Jl 
14 JJ iib "oj illj» cJlS" . (1281) j»lp OjJL. 34 Jl_p- JJ »±jJ liilVl 

0 j-w-S' oLJ-j2_j y^-cJl -LLj3J C^Lp cl) yJ-JJ 

d)i jJi>J| LUL d-J-o jJL] j .JjjVI ^^1 yjl ^>x^a ojlyJl oU-ji 

j^sj! ( Jy 1235 ^Jly>- ^1 cpLp cl)yJ-* 45 JL_& c—> 15" 4 _>j»Jj>- 
(j-^4 b}j .^Ip 2) yJ-* 3.2 J3*5bjjp -LwL>- t ( /jJaj cl)l5* Lo-* 

yjl c_-JajjJl ^1 yJ y yJc c-j>cJI y* dlb oLol 

l-L> yypxJl tw5aja.il yjl <jl ^Jj^jJl ya 4 _p y>jya ijll&j .yy>cJl iwJajaJl 

45) <-^>c_LiJl jLo-5Jl twJajaJl Jl^>- j-o-p jU ^LJLj ^ ^Lp oj-5- 4 37 
jlol CO-Oo ^^l-- 4 j-i_*_^J ya^L^js 15 _Aj .3^jL<j 5j-5-js 
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Jlj (. j_y- Jy->l JL^& L)j^~i L^-Llp oi-bt 

I-L& ^y 4^ajt)0l 4_3jJL) 4_w^~L*Jl jy^l J~Jg jj ^JL> La Ij^lJj 


J ^JgJL)! 

(1284)(1283)~ 

. jL>....,/g-<Ji 


A^J>nl 2-^ oI^s-w^Aj jl ( ' 1285 ' ) LoJl3 |jJL*-a ^JLoJJl (wJg-Jl ^LwO (1)15 JjjJ 
^y ^o-~u La I j*sSJ yljjJl ^J-P LwaJ»v 2 J C-olS" ^JL>»jJl C—Jajj.ll ^LwO 

^Lpo^yi IL-& jLjL>- v y OwL^>- 4JLiiLw&^ 1 JgJLU <J JjL- N ^ 

,1^1 jju 4 t Ijll? ^ t (Baffin Island) jiL ^1 i_jL*JJI ( _ r aj Vi 

oliJg C-Jwo j_a3 . ( /^j>c-s^S'VI jjLLljj tjLwkJl oLiJg c*JL*Jl 

oL>-j3 I 33 I cJl5 ojl jj >*Jl y-y l) 1 yL 0 

oLLJg ^yL^ ^a 1 J_& ylyoj . o'Vl ya ^Lp 8500 

kJLj! 

^y yy*"l yJLal ^y O-j jj>-1 ci^L>e_) 1 ^-a 1 j_& yslyo Lo-5" .y3L> o^_>y>- ol j ^ j >^ 

y-yj c y^>c_*^S”V1 jJg-j t j-aLJ ^_a cilJjJ jjly_) j c yJjJDl ^^L>~jJl (wJg-a.ll 

(1291) . t . ... , (1290) ... , t , ^ , 

c Jj yw j& J^jj>~ ^_juivg »w>L j c JujCj ^p dj I j *>o y ljIma) 1 ojl y- 


i O'* 


j»LP 83 UUj j»lp 10000 JuJ 

. f (1287)-. , - , • 

JjJg-^woJ) C <U 2 _)L«a AjjL^P 
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s jij^r y* j} .^JU-jJl ^ <sy >x ^^ < JJl C/ 3 ^ ^l£j j-a^Ij 

LfJ JjLw*> ^ jl^0-1 o jJL3 ^_3 LoJ ys>rLjj i Aj>c -*J?\j ojjL>c_^Jl c J_>j\_L> j-&J ^j-SJ 

.^j-^'Jl c-ij/l liJ j)o5”j*yi y# f-jj>Jl IJ-& jLS" JJLs tjJoSJjJ 

( Jo <oL>c_^ q y^a Jj jjuj_Pj Oj_>J_>J jl ^\ IJ-& jl»S" ( Jw& • Jlj-w*Jl 

?ljU^I p\ jl5 ^1 UU flp 8500j 10000 

lJ-> ^JLoJl o>L>L*Jl j ^Jaj d)l L> jL>c-ji'yi o> JJj>- ^jjL> 

4-x-^j £^>-l j-* y* ** 7000 ( J^_3 ^ 20 - c p 10000 ^Jl^- :> " 

cJ_Ol Sjl^ oJKj . (1293) w.U aLp 3000 ^1 4000 J^i ^Jl>Jl 
aj oL>ji 7.0 2.5 _> li^l ol_>L*Jl jjJgJ LJLo-iJ 

4-J>l_jJ~odl O^Ufc-oJl ^3 <lyy >-! ^Jl ol_>tj VI JjJ A_*-^l ^>s OOjj . j^/l A-J_P 

10000 ( Jo li.il jlS* jj>JI jl ^ ^kall ^3 *o-jJj-Jlj ioLwo-^SsJlj 

.A^jLJl 140 Jl ^Slj-<Jl y* 1*3j>sl20 Jj aJL>JI oj^UL > Lw*»LS ^Ip 

^ 1920 j»U ^ *IjoI jS/l L^J li^T ^JloJl c r J a Jjl jlS Jjj 
Lij-*-Jl ^UtJ^I yo 4_o_>JJLJ| oblxSJl yy l-LgJ ^Jj'yjJl ^Jg-x^a 0 J_ 0 -^>l . 1940 
Jl>- JJLlIIj 1 1933 *U 1905 aLp oIjUl^JI c«-I yj . ( 1295 ) ULLa 

c yx^Jl JlJl>- ^^JIjJj cl p jJLS' 40 (Permafrost Boundary) ~u^>Jl 

c pI j-^Jl ojljj>- A^>-j^ C^-s/giUjj c ^IjjJl JjjJg O^Joj c JlJL>J| cJI^jLwvJj 
ojl^>Jl Ag^-J^ ^3 -bljj C aJLo-Ji oLwO (jJv’J*- jj^-jJI jLS'j 

^.Sj .^JLo-*iJl (wJg-All y>- ^I A^-g-lwJl ^-wsJJg'yi oLw<J ^jl^>Jl ^jJ^J>c^<Jlj 
(Jan- jjLo _ jig- o!jJl>J jl (Zubov) Jag-'y 1 1934 j>lp aJl^j 

j>l*J iJlkj^Jl ollgg-jjJL 5Jjlio o-s^JJ (Spitsbergen) j Mahen) 

j j^r Coli ^.g-l p (Novaya Zemlya) LJ^j L»li y ol jJu>J oJLS”j . 1911 

t j7 ^3 yS' i olJ-L>c^a Ool5"j _ j_)l j-3 j'yr p*-*- 3 j-° ^t-J->Jl 
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jLS 'j . 1938 _ 1935 y^> ojJLcJl o1j_L>e— a c~_jLS diJj_Sj 

jj_>-j (Laptev) y (Vasilievsky) ( _ r SO^L_L~-li 

.xi>Jl y j JO (Lyakhovsky) 

/*_4j Jj j ->I /jL^o _y^-> OjLS’ 

_ 1898 ^ <lJlp c^IS Lo-o OJl ^320 J>\ 15 _. Ji! 1939 _ 1921 y^S\ 
y>^ f y o -■<?iid t. L^_-^o2_j ol^LaJl i 1920 

L_>J j y Jl y jlJl>JI ^-y "\j .OJl y 12 _; (Barents Sea) jL 

J-J-?- s-iJedO J-J-?- I ^*J t 1940 _ 1915 ^j-o o^jaJl -I-UJjj) 

JU^J <. 1940 _ 1920 yu dJOJjSM J yj>-\ JJj . 1929 y ^jJC 

‘■idiJl J (Jugorsky Shar) jLi JOjJ^ 

^5 30 20 _> XoJl Jblj t ^_ a jjj^- jjl j3j j^Oo 3 JjJL>j 

ojl^>cJl dtoLSj .j_J->cJJ ^^LddJl JjJLoJI _ _<id>Jl 

jjJJl ^ <i_Jlp odLS L>_a 1918 j»Lp (^-jj_ 0' Jjj-d JO-i) (Varde) 

y ijjj^Jl Sjljj>Jl y-ji oJLS’j .*>LAi JJl 1926 ^Vc- oJlS JJi C ^J-J iwS^j l 
y ^JipI (Cape Tchelsukin) yS”j^JoU Jj*>\o>y y oJ^<Jl Aiki-oJl 

. 1930 ^Lp Jo^ aju Lw^ *u>jjI Sjly>- 

4 —> JlpI y^S"ojly>- O-JIS" c 1935 _ 1934 ( ysLp yuj 

y* 4 _j jJLa ok^^J lpI C-olS" (Okj^ 10 

jys j ■' >cj l 5^" ^ ojly*cJl y-j^ Ja-w*ijJO .A^jLvsJI 

j>Lp ^ Jg-^pl /4 -jI _ 1893 j»lp ^oijj/yLlil jjjJuS) (Fram Cruise) ^ly jjj^" 

y>j_Oo) Oj-L<w*i j j ^5 4 _L>-j kOoL5" a_>jJoj okji 4.1 _j ^ I (1895 

^jiloJl y L^J jS y *_PjJl ^^Ip t (1939 ^j^k.^pl /^_jT _ 1937 y /y 

^1p LUcJ <di2>c^ 40 _ ys ( J^k ojly>- okji ^Jj .L^Jl^ 

y« ojlyeJl OOL>-j^ CO-jLS" c LoOo c 1929 ^Lp J-*_i _ yly ^y?jI 

. 1896 ^IdoOw^L f-looJl 40 _ 


(k-kLOs Cools' c y>(j jJi Jl OoLjwo*l>\J I 4_>- >CoJl 0>*)kE-^ y^J 

• I ^ J C I ^02-1— ^ l—•Ow»»*J I ^ - k o 11 (j - ”^ 0*— 

(1912 cLS'jJ) — j-* i _0i t j_SO—oJ I J-O jLS'j 


^3 ^t dills' .(1910 tilLjj}) D-^j Llijj ^ 1 dJJ-iSj 
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.(1912 cUI cj^) 4_i^jL<>-JkJl tw^Ja-4-I' ( /^s d—L ajj jlJl>JI 

I J C I I („j ^ 1 ^ j~P ! C_»0 LS" L L^wO ! 

.(1932 c LU y^j c (1932 t Jjl 9j™*5) c-ajjj->- — JlJ y ?jl Jj^- 

^LwaJl J oj.*JJ y^^ y. ^1-5*11 J-p wLJj>JI j^Ssj lyS y^ ^JJj J j 

. CjL jwJI y LXaj Lli jj Jj 

^y JUJ, J \ySy jl y^^\ jl5 «. ^Lp 10000 _ 12000 J J- Ji 

c 4 -JLo-jcJI 15 j*~a\ (_5tJLo-ji ^9 tajL* ^>cJl <1)15 LoJwo c <LJL<»-2kJl 15I 
l Ijj5 <. >^p Jlwj 15s-^^/1 jlJ l*_> j . . . JuLojj^ wLJ^- 

y& J^s L« d)l ^J>-! oj-* 2r^ 15 _&j .^Lp 4000 J-*_i Ijj 5 (3j-^ (J^-*-^ 

4_sLv^j 4_>c-Jo 4 _L?Lwv^o j_ 5J| jlJ)jj C LwoJLp ^vwJ ^^JLp 

.Jails ^^>Jl <—9*>\^Jl jj CO 2 (l)l~u J 


4j5sJ t ^JLowJcJl twJaJLD J)^_5 sj *5 wLs L5v-^i'5! ^9 j 

(1296) 


4_^j 


1977 _ 1976 0 jJLaU ^Jl J^^Jl J j JjhNL JL? jJ jl5 

(J^l5- ( Jl^2_>cj 4Jj>-LL«j 0 j-^-5 o^LajoL) Ja^->c-^J 1 (JLowJi ^^Jj 

1)15 Jl9j .^Jl Ja^->c_^Jl ^y (_£jJL*Jl jIj^La'^I ya ^JLXj L«Lp 30 oljj.5 
~*>J ISL/tf (1)1 ^ jjl Jlpj <. 1659 ^Ip 11*5 YpJ 11 2lu 


U 




Ja r w>c^JJ jl^JfcMl Ja^l t JloJj! ^-l^-jl JJ 

cdili Jl hu>\ .Sjl^Jl J JUJL>J1 JJjJl L5L.M1 (1977 _ 1976) 
• (I297) o_^waJl ^ tLSLxNl ^ ^ -^La 


wi_J^)\jw) ^_P (1)| 

(2000 _ 1975) JL>J1 jljjUJ ^Jl J Sjl^Jl oU-j^ 

Jl yui . (1298) "j,l^ JUJI jl^Ml jl (1930 _ 1920) JjLJI jl^ML 
wLj^-P ^JaLj» ^_Lp CjL la-j>c-^3 LJJl^J 1 daL^LwtfJl CJ-j 15 c ciU^ 
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ojl4 _^>-j,3 3jjI_> (_9jlJ-^ —ll_L^_9 .4_L>aL^Jl Ojj .yg.) 1 ^Jg-X—> ^ 

I J-bj . 2005 _ 1881 ^j-o o ^3 jp ^^3 ojl^j>cJl ^l>-j^ o*)l>t-w*ij 

C dU.5 ^Jj 4-^'-*’^]. .LwoJLp 2)j-^-J b_9 j-S 2J| jljJL5*“^yiW (1)1 ^J_P (_£j^i 3 

^Jp) ^JpI 1955 a Ip J-*_> LoJ a^oJIxJI ojl y >cJl 4_>-jjJ ^ JL*Jl oUg.*.^ jji* 2)1 Jj>-j 
U a-^i^Jg_*^s I )\j c 1955 J 3 L« Ja-^jb> ( /^s (li^ 1 Jbo c (Jlb>JI 
t cJlb>Jl ^Jp) JJtAb jp djUaj>c^s ^3 1955 a Ip J-*j L»J Ojl jgJl 

wb^Ab jP bjULo ( ^y^)J . 1955 J--9 U Ojl y>Z^\ 6j >-(.5 I ^LboJl 
^^>-1 4 JL 3.5 oljlpj CO 2 ^y 0 Ulp jj 2)1 b-j 1930 _ 1920 jl y^>-\ 2)1 

JgL^J! *UJl 1 2 )j-SJ jJj .j'W-^ L*h>~- 

^g-c-Jl ojl y>- 4j>- j3 ol y^xJj ( yj 2)jJ 1 oLboc^J b_bs ^-^vw<>wjJ 1 

A ll oUa^>c^<JJ 
J-3 .2005 _ 1996 J*>U- 

wb*}\_b^P ^3 ojljJ>cJl dg L>-j 3 d-o2S" LaAlP ^Jg-^AijJ 1 jj_v2_*Jl ^3 jlo y^ J 

gJdJJ jbJLi JiiL-J dJLL" eJl5 JL5J .< 1303 >< 1302 > ^j| ^ y,\ 

jL^ 1 ojjJg-^1 tV^Li'^k]j .<2 j 1 J-L>c^oJ 1 oLaJJLa ^3 xJu>JJ j_JI |*-S"1 j-^j 

C j-o-b wbtAb^P J-U_>- <\j>r^j3^/2 2)1 J^bo C wb*)Lb>^P wbU_>- 4j>c -.Lyg ) ^JjLSDl 

(J ^3 wbljJ 1 ( /^s t Jj^Abjp oL*_Aj^ 3 wblj>cJl a5"Lo-^ ^I^Jjj 


wb tA-b J_P J-l_>C-« ^O L*^b (jj-^-J -bi J . 4 ^-ALs^S J^l J-P 

11940 _ 1920 jl_^l ^ UjLx ' ‘ ■ (1301) 
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^3 twJg-4.Il cl) JjJ-J jd-C> CjL*-3 JJ iiLwA i)\S 

\Aj jlJl>bJI LJLi»— JjVl oj-oJJ twJa-Jl o jSL^i <0lj 12008 

l^-LSJol *y Ju 4-wvwo-*iJl ^SLifiJl ^j*a 0 L- 0 JI ^y2JL* 2U*> C jJ> c-Jl J-Jj>- t _ 4.5 

2)jJl j-J=-' yI ^j_>jJL*J! (J^L>- *>LJ^ li^Vl ‘Osj'yi 2)} .wU_L>Jl J*-aj Lo-S" 

_ 1920) ^jj j-JL*Jl cl)jJI ^jja 0 Jwjl 0 y^a]\ ^3 ^Jl diU 4 £jLJLj CjIS" j-JL*J| 
^3 ^j>u J-Jj>- JLla 4 JI ^ 3 jZj jj ^-s-'-O’-^Jl b»j 24 -(1940 

JwJ_^- J_>e_J . ^J_> ^U-Jl (1) jjJl A_)L^_) ^3 ^jL<>-JCjl twJg-4-1' 

0 ^_*JLxJl 4-Jg-»J>c-<Jlj oljLJL ^*4^ ^- >tJ c_5^^ 1 ^JLo-jJl twJajJl 

^3 ^J^v 2 _>o L2-P ^^4>-I A-yg-3 JljwA^ . twJg-Jl ^I^AL&I ^JJLa 

wwvJ I ■>—w^vJ-J ^ ^ 44 ^3 C 2 *—•—o w\_4_3 . Jow-wsJ' >«-_^Jg_4_] I ^3 ^_S”Jol 

oL>j 3 ^J-pl 2)> ^jLo-jJl twJa-fiJl Oj>cjj (JLo-J’ 4_*_Jg_3 4_t^>c^3 37 O^-J^Vl 
2)LS" 1 OLj^-wvw<>^>cJI ^3 ^L>-j Jl 2)^jJI oLJwo^Aj ^-3 O-j Ag- ojl jS >cJJ 

^ oUL, o^Aj . (1310)a309) iJL]| J~~)\ JJ, 1»j1 JLJJI L_J^I 

J 0 JuJ lp 4-JUjol oL4^_p t2i-Ji5"j^\J JU-^JI twJgjJi ^^3 4jgj>c-« 125 
U-jjj c 1937 ^Lp Jc^ j! j^A NJ c 1937 Jl 1917 ^ 5^JJl J ^ J jl^1 
Jl 4 -»_S"jLo-o ^w4_lg olkg^s Lo-j c^_Lo Lo-5" . 1937 ului> 4 ^jl>I 

4-3L2 5 } . ^ ^Oj-^-'yi |>Lp ^J-^d ^J-P* jSj>- JgLj» 

j- > xlJ ^>c-Jl ^r-)g.*Ai ojl jS>- Jl J~ >XLj <-^Jaj>cd^_Lo C C_5^i 

.oj-'yi ULp JM?- C-wai>>Jl Jii (Labrador Sea) jj^JMil 
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^JLo5c)l y>u -UL>- ( jS' ojJJwoJl *Ud3\Jl CC>1*3jCJl ojjfc d55 

2008 j»Lp L yAa^~S'\ /<-^\ 11 ^ <^AsjsS\ a3j>- ccol5 jJLs .UL>- 

LJj , (1313) 2007 j.U ^Ja-^p! / V T 12 ^ Up cJlS" l_* iuJl J, 30 _, ^5! 
CC>| d-oLS" . L> (JLowJo ^3 c Lo^JL> oL>ol J5 ^3 xJu>Jl 

^3 l)| Lo5 .^Jl>J| ^3 IjjIj (-5^(jLo-dJl 


(1)15j . 1980 ^Lp ^3 dJ_p Co 15 Lows jJ5! a \ p L>e^ d5L> ^jj5sJI 

3>j ^ j-5^o ( J^I 2008j 2007 ^>jLp ^JLo-5Jl ^JaoiJl ^3 jj>c-Jl 

^-5>eJl ^3 ^o23UjJ! Ij_a LoU j^xJj . 1980 _ 1979 ^>jLp 

(jLo-d ^y* d3ljJl oL<Jl ^^>L^wvoL>j c d3lw\Jl Ja,o>c-x>JI Oljlo oL>co! ^3 ^>c-Jl 


3*)3>- wLj*^\c_j^_P ^3 jjLJl ^JLodJl iwJaJL)! 31^Co 


■”J 


jj-5Jl j-5^^1 c5-*, 

JJLo OJ-*2C<Jl 3jJL*J I CjIL o->jj L olj-sJcJl ^ ’'^joj_JL*J 

. f~-* (Jj^j ^JJLaJl ^3l^Jl Ja-^>c^Jl jl^L&3 c 

(._ol>Jl A3 ->c_1J L*j>-I jj ^cJCo Low 4 l c-4-s^?I j^Jl ^3 4_J(3 -^J-J-PxJl 

j5j>- -bl^* JJLlj • Lo5l3 5 jj^ wCJj>tJl ^3 5^ ojj .^jj53I 

oljdwJl ^3 L5 L*L5 <. <^>-L^oJl ^3 t2008 jd>JI iwJaosJl 

t^Ja5Jl ?■!Jj>-I ^3 ojljJ>Jl oL>-j3 oLw-L-3 oJj / 

ojl y>zJ\ jj I 3^ ‘*—^ y**->iLjz ^3 ^5p! CCol5 c ^JL<>—dJl 


(1320)„ 


< http://www.theregister.co.uk/2008/08/15/goddard_arctic_ice_mystery > . (1313) 

< http://www.emc.ncep.noaa.gov/research/cmb/sst_analysis >. (1314) 

1. V. Polyakov [et al.], «One More Step toward a Warmer Arctic,» Geophysical Research (1315) 
Letters, vol. 32 (2005), doi: 10.1029/2005GL023740. 

R. R. Dickson [et al.], «The Arctic Ocean Response to the North Atlantic Oscillation,» (1316) 
Journal of Climate, vol. 15 (2000), pp. 2671-2696. 

1. V. Polyakov and M. A. Johnson, «Arctic Decadal and Interdecadal Variability,» (1317) 
Geophysical Research Letters, vol. 27 (2000), pp. 4097-4100. 

1. V. Polyakov [et al.], «Long Term Ice Variability in Arctic Marginal Seas,» Journal of ( 1318) 
Climate, vol. 16 (2003), pp. 2078-2084. 

< http://arctic.atmos.uiuc.edu/cryosphere/lMAGES/current.365.south.jpg >. (1319) 

K. M. Hinkel [et al.], «The Urban Heat Island in Winter at Barrow, Alaska,» (1320) 

International Journal of Climatology, vol. 23 (2003), pp. 1889-1905. 
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oL*j2j y .Jjol ^i_P ^li ^3 ( 4^S'lj-Jl J?9 t—4^5" Oj_xj ^ 

oUj: ^y (Gakkel Ridge) (Urban Heat Island Effect) J^Lp 

y aI Ugjl y> Jg-j>cjJl y3 JPoO Ll&j .^JLo-JL)I ^Jgjdl Ja^>c^oJl 

^LS”^_Jl JglJLJl ^Jwi-3 iil-LA (1)1 L*-9j2La (l)U"j . Jg^>c-j>Jl oUjIj y 

^L>c_> 3 15 -bJj>cj -UU .oL^-LjL>s LgJ olS ‘Lx a ■% la. 1' ( j_5Uj c ^£jlj-^“j-^>cJlj 

0 jb~ tOl^jUgJLoJ oLJl ‘LL^-P <0UoJlLft 2)1 Aj>-jj . Ug-Ou L>jl y~y^T 

. 0 j AolS"jj ol jU^jI oL>tJCw«j oljL^-vgJj <• ‘CJ>-L-*> *L« 0 y-^j ^ Ij_>- 


^j . 2008 ^Lp ^3 oLwoJl ^_o_p ^3 <j y**-> <jjL>c_aj! ^^5"!>, _^LlLiS"! y*J 

jlSj-J jUxjl)! s yrj 2)1 j-^p c^Lo-JJl t^JgjJl ^3 o^Jl ^JlS 

/. 13 ^)-P OjL^_vg i^JJgJo 0*1 JL& yk*S 3 ^J-P ^-^-P 

(_JgLA) 1 oLjj 2)} o->Jl y* CO 2 y* ^JjLS” ^-*-5"j-> jl^-o^/j •*— J '1^-oJl CO 2 

jL>c_flj'yi ya j^L^aJl CO 2 —II £*wo->- Jg-k-yg-li ‘lJLp ojLJl ^^EoJl 

^ ^-11—<>wwd 1 t. ■ ^ I1 0 L-w0»j ‘LwJ jLJl AI 1 ^ c-^c-11 3 1 ^_o 1 /^_o ^ ^ 15^_J 1 

^g*~l ^jL^wvoIj ^15Jgl2L> iil-Lkj dlJJJ 4j>c-Jo ^J>c_*^u ^Jl ^ ojl^wkll 

. (1323) jU_4Jl OJJl ^*i y (Gakkal) J5U ol^> ^ 

J-Jj>cJl Oj>&j 2)U"j! ^ iSji ^ ^^iLo-CJl twJgjdl i)j5 y>-\ j~~> 0^>sL>j 

Ojl y- 4_sLs^L; l5^ L$j\y~y~^~ ^dajdl 

twJgj2.Il oV~a y CjI^ kJl tw-Jajj .03 jL>J JgXw^Jl aJIp 4 uJg3 Jg-^>cj3 oLjJ CO 2 J 

.^5*1 i^_yj iS^° ^-^1 jjJl LL>u ~lJj>J1j t^JLo-*iJl 


j_]gjJL>J .^JLxJl j-xXJ (1)1 ^p ‘L>s-J-v 2 ^3 twxiJ 2)15" 

5JL. J*>U- oJu>Jl ^3 (O 16 ) c^L^Jl yy^SS\j (O 18 ) J^ilJl ^,^>^5^1 


Press Release, US National Science Foundation, «Contrary to their Expectations, Scientists (1321) 
on a Research Cruise to the Arctic Ocean have Found Evidence that the Gakkal Ridge, the World’s Slowest 
Mid-Ocean Ridge, may be Volcanically Active. A Few Years ago Submarine Exploration of the Arctic Ocean 
under the Polar Ice cap Found some 15 Large Geothermal Vents along the Arctic Fracture Zone, and 
Evidence of the Recent Outflow of Lava. ’We Found more Hydrothermal Activity on this Cruise than in 20 
Years of Exploration on the Mid-Atlantic Ridge’, Said Charles Langmuir, Scientist from Lamont-Doherty 
Earth Observatory at Columbia University (28 November 2001). 

R. A. Sohn [et al.], «Explosive Volcanism on the Ultraslow-Spreading Gakkal Ridge, (1322) 

Arctic Ocean,» Nature, vol. 453 (2008), pp. 1236-1238. 

J. Snow [et al.], «Magnatism and Hydrothermal Activity in Lena Trough, Arctic Ocean,» (1323) 
Transactions of the American Geophysical Union, vol. 82 (2001), p. 193. 


348 



IJJl) . j ojl y >cJl ^Li ^5b>j c ^Lp 250,000 

^»Lp 90,000J jlwLoJl L^_S”^>c_} db-ldoJl dbj^jJl J 2 JL 3 ^Jj^c-wvo 4 JI d—>c-Jl 
^Lp 1500 oljj^ Lyg-j' bldA c->15 ^Jj t jJl ^Lp 10,000j ^j^Jl 
(J*AJ>- d3lwLy2->3 ^Lp 1500 _] oljjjJl o5_a c-^d5! J-3j i 5000) 
^>-1 jjj ^jJsJ (J*Ai>- i^y*j jd>tJl (wba-bl 1987 ^Lp xJl>JI tw-Jid d^Lb j.5 

(wbajblj <d5 ^js^I 0jllilJ c bjjjlj t^JLo-dJl (w-iajlJl olJ-L>^ ^3 

^3 (w-*bjjJl (wJ p 1500 .J d5~ld»Jl oloj-& JJLl .^jjJj>cJI 

1500 J ^LJl cjIjjjJ oULbl d ^j j ]I jL>c-J|j djUg.^j>c-^J' 

(jLo-d ^a ^Lp 14000 -J 4_>jL jJI djLa-JaJl d-»lj^dJl d—do b>»5 c pLp 

jl^Ml J*>U- JL>JI Jy 1 ^ 5 j£j\ jl jUSlI ^UJlp oij . ( 1325 ) IS ^1 

.b jZj^\ JL>Jl JjLjI i^\j 


(J*AJ > - wd*Ad> j_P ^3 <jl5 ^IdoJl 2)1 wd*A-d j_P j5 jJJ ^jA wdi^>cJl ( _J j^o 

C .4 1 wd C 0.5^^-5! ^ L3 O-^l^-«-3 /%■—*^«wO 0 ^ ^ Aj wL^b^cJ I L»^ 0 aJ i 

Aj wd—L>eJ I Lo 0 jJdjJl d*-)l5 J . (1) J J_3 j .5 ^JLp /^J3 djJ-dalj 0 J_J wdd 4_P j-wvO 

^IdJl ^JdJ / } iJL>Jl i>wdl>cJl ( j-o Lo o^daJl ^0 *AJ*3 lib s 

0 jiJl j>-\j\ jl(1)15 Ibj .lwd>- bo jja (1)j-^j (1)1 ^_3jj-^ 3 

^_>cJl (1)15 I^Lo-Ls c ^^j>cJl oi^AbJl ^3 CO 2 —LJ l)Lo)fl ^-d 5 

?4pliv5 (j\ L 4 J ^5d o>jl ^ U5 

djlwdL>ooJl (1)L»j ^UdJl (wba-g-Il jl^ 7 -d>-'5 <j^ wwo-SUl oL5L>o<Jl ^ 3 j_d 

j_i 0iLo (jLo-dLob 0 jJadll (Jwdj . ^ a ^->c_>o d->l j*aj 

J~Jj>- 4j>coiv^ 2)1 116000 _ 130000 Aj-db>cJl ^j_o b 0 ^dsJl ^Jl oj-A 

^ ^3 d— o-aL*i J-3 ^Jb-dJl (wbajj.il (J^>- wdJj>bl dj'l/ L>cj 3 j Jj*Ad j-P 


W. Dansgaard [et al.], «North Atlantic Climate Oscillations Revealed by Deep Greenland (1324) 

Ice Cores,» in: James E. Hansen and Taro Takahashi, eds., Climate Processes and Sensitivity, American 
Geophysical Union Monograph; 29 (Washington, DC: American Geophysical Union, 1984), pp. 288- 
298. 

A. E. Viau [et al.], «Widespread Evidence of 1500 Yr Climatic Variability in North (1325) 
America during the Past 14,000 Yr,» Geology, vol. 30 (2002), pp. 455-458. 

GRIP Members, «Climate Instability during the Last Interglacial Period Recorded in the (1326) 

GRIP Ice Core,» Nature, vol. 364 (1993), pp. 203-207. 
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<d—oj_& jj Sis'Ll (jl J_> . y~a 3.4 ^Ji 2.2 _> 

I J-& uJav? y>c*Jl ^f.lg* a» ^ y^a f y IpUjjI <Iaj>-*!>\^JI d^ULsJl Cdi Lo«S" C 


o y)JJl y> 14000 Jl ^j^dJl J*yj>- Sjl j^>Jl 




Js2-k*» 




jiSj .jiSf! > 


^)l>sLa ^>4 yj .JjVI o'yi oL>j) ja^j>u ^_LpI 4_>J-J->cJI y~> L« 
( j^ jJj_^_ij ^JjVi ^lp ^j^yi ^...,^ > .) jt)A3>- AS' j^j j ~)*ycujs j-jj>- 4 _>c^Ls^ 

8400 J^i JL.VI :>! ^1 JIjj* JLS'j .^Lp 8000 ^Jl 10000 ^Jl^ 

J j-^Jl Sjl j&~ ya y oL>-j3 7 5 ^jJ?\Ji>xj\j ^\s 8000 

SJuJl Sj-w2-3 LjIj_p-I <L)Jj .(GH-8.2 o-b-) ~Ul>JI aj>^Jl^? ySy» J 5 j_s <L>j_d*Jl 
/ Lo-^- 3 j-^° GH-8.2 I y ( Jd« o^jLj dil.5 


Lo-^s c 1000 ^Lp liJ CjIS" Sjl^>Jl As^jS Jl JJtAdj-P y* dJj>Jl c_J y-*i 
^J-Ji^Jl j_v2_*Jl J*)G>- 1850J 1550 ^Lp lwd>- j-Jojl> yZ jJL9 4j|^ c_JJl y*j 
y tj'yi ^j- 0 ^-dj-^ 3 0.9 ^Jl 0.7_i $ j_jI Sjl^j>cJl aj>-j$ d— jLS"j .j-^^->/?Jl 

- Jl ^xJu>Jl j_v2-^Jl ~L*_j Sjl^>Jl <d>-j^ d-ol-ijl 


5LJ 


r* 


1930 


^L-o jl . a329) (i^ljjJl l*y o_yJl yJl J.LJI ^y) 1995 j»U 

JliJ ya dJ--y^^>dw*i I d^L^Ai J_1 (_J <d-^lj^ J>^->- y° d^slj-v^ 5 -*^d_S"l ^£jUL)I 

S j^xJLa dG^-Lda j-^j 11300 J_*_i U j-d>l dd-o j-P (3j-^ {£j~ > ^~ > 

oJ_A ojl^_>cJl d>-j^ dJ j_*_*2> j-d_j 'y jJj . ^1900 1630 yo SwLjJ_ dj 

Jt)G>“ 4_j j_d« djL>-j^ 6 ^Jl ^juv2_> Sjl^_>cJl 4_>-j^ ^_3 d^l j C dowJg_P 

Swd_p*-j djldjLS" jL<>wddAiL> LSJwo'JI d-Jj>c-^ <d_v?LoJl ^Lp 8000 Jl 


°J'j^ 


Id^LJg-x-^Jl oJ-& djjij J-SJ 


r L 

. (1331) UjLp ^uji 


B. L. Otto-Bliesner [et al.], «Simulating Arctic Climate Warmth and Icefield Retreat in (1327) 
the Last Interglaciation,» Science, vol. 311 (2006), pp. 1751-1753. 

A. J. Long, D. H. Roberts and S. Dawson, «Early Holocene History of the West (1328) 
Greenland Ice Sheet and the GH-8.2 Event,» Journal of Quaternary Science Reviews (2006), doi: 10.1016/ 
j.quascirev.20005.07.002. 

D. Dahl-Jensen [et al.], «Past Temperatures Directly from the Greenland Ice Sheet,» (1329) 
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A. E. Jennings and N. J. Weiner, Environmental Change in Eastern Greenland during (1330) 
the Last 1,300 Years: Evidence from Foraminifera and Lithofacies in Nansen Fjord, 68N,» The 
Holocene, vol. 6 (1996), pp. 171-191. 

D. Darby [et al.], «New Record Shows Pronounced Changes in Arctic Ocean Circulation (1331) 
and Climate,» EOS, vol. 82 (2001), pp. 601-607. 
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U5 . ■(? !1 Lo-A^^ISj (. J_J->- c-UaPj j >*-Jl ^ia ... 

y^S”! ojl^>cJl ^3 cjI j*-*-> Ly JLS” LSwjNI <L^jL> JjI cjIjLjJI 

^Lp| La ^_iwaJl Ojl J>- oL>-j 3 C~)l5”j . Jj*>Lo j^LSsj 


liil 


Ojl^- 


A5 Lw^j cO'NI 


O'" 


J! 


*U>- 


c clL^^S" ^3 4_>ytfl cllSL&j ^j-o jJL) . £_$! y 3 -*-* o>L>-j.5 

1500 ^Lp ^j_o L)LS" l^>jli 1 ^jj d)l oLwoJl -Lotj ^Lw^lj^ (J*}Li>“ 

jJk^2 .Jl ^jJl>J1 j^2^\ (J*}L>- 1900 ^Ipj 


(1333) 




. (1334) 

.^wbl^lo 


C^' ri* ^ JLi 


<c^a ^TJl 4j^>«Jl a>^J l yiy ° 


. 1 ... . - t (1337)(1336)(1335). ^ . t, ♦ . .7 

v_ ->L_ALj>c_>! . 0 j_-K_4_Jl oJ_A (JJj->-l a—PwLjj 

4^_jjjjV 1 oL-^Jl (jjJ ^jJLlJlj jlia-^Vl JaJL^J ^ (Trends) 

od_& cJ*5Li>- j^-wvJl ^i_SGl yS\ ol J . 1999 — 1936 ^j_-_S\Jl 

^Lw^ljjJl oL_& La I)) . ^^>-1 *Lwdj3 ^a IJLsI jj y 2 -^ L° *ci t 0^odl 

c ( t^5vJj <. -L>1 jJ J_i ^LSDl jjJ 1 I)) L5_>L-*> 1 jJLi <1)1 j_& <^Low^a 
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(2002), pp. 2171-2173. 

A. Manabe and R. J. Stouffer, «Multiple-Century Response to a Coupled Ocean- (1336) 
Atmosphere Model to an Increase of Atmospheric Carbon Dioxide,» Journal of Climate, vol. 7 (1994), 
pp. 5-23. 

S. Rahmstorf and A. Ganopolski, «Long-Term Global Warming Scenarios Computed (1337) 
with Efficient Coupled Climate Model,» Climatic Change, vol. 43 (1999), pp. 353-367. 

M. A. Rawlings [et al.], «Evaluation of Trends in Derived Snowfall and Rainfall across (1338) 
Eurasia and Linkages with Discharges to the Arctic Ocean,» Geophysical Research Letters, vol. 33 
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S. Berezovskaya, D. Yang and D. L. Kane, Compatibility Analysis of Precipitation and (1339) 
Runoff Trends over the Large Siberian Watersheds,» Geophysical Research Letters, vol. 31 (2004), doi: 
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J^JajJl ^3 ^J_*J 1 I j .A.**!^jbcJl O-jLS" C 0 wL> J_>- oULo ^Jp pL_)J 

cj LJls LloJ I cl) 1 (!) J» li . A-s^j jp ^j-^ 3 j/a-oJ I (1) j j . ^j»JLJ! ^J-p cLLcl! 1 ^ JJL> ^ JJ 1 

JaJ>- ^jP o Jw%^—Jl CI^L^ai jjJl ^3 <1j 1 Ju I y )) I ^oLojJl <1j L*_9 jjj Aj ^JajJl 

(l^) jl Aj j^^Jl ciL/aj Ojljj>cJi A^>-j3 Ja^*>jJLa ^3 olwL>ljj A™Jl> JjJUa>VI 

^Jl jJJj ya j*sSL) I 33 I ^J j_JL*JI jjjJl ^a-ljl ®jlj^>cJl oL>-j 3 jl 

>t yjUJl tAJ JjJaJ (^) jl c oLjwJ jlJl Ljiv^alla 1 / CJ15 


f-UaP c_aL>cj ^Jj jVl y* j^sSij UJ Ju j\_L> jP ^3 Ojl^3>Jl d->L>-j3 
(J-^) jr^j-^j-^l jlj-^-lj (1^00 — 900) Ja^jJl jj-s^2_*Jl j 


J15 


J (1340) -O>Jl 


f 


Lp 8500 


^^-^LwJ ^LaJjI fj\ A-uU-j-oJl I^J J_*Jl oJLo ^j-wJ Vj .( jVl L 
wLj j\-L>jP ^JLi <• clD.^ A_9L^aj .ALajVl oJ-& ^3 ^_>c-Jl ^Ja_^ j2L**woJ 

OjJjJl JjU>- ^jl>c-J>Vlj Cj^SCoJJ (_£j jjJ I ^ip Ja3l>-j c I-Loj>c_^ 

*l>-j 3 Ja_*^i jJl* jl5 LsJ_lp (^Ip 116000 — 130000 ^_s) ®j-*a*-Vl ajJ-Jj>JI ^j-° l~° 

jl ^^Lp J~G IJ-&J .^JbdVl ^lp ^1^ 8000 _J oU>“j3 O-wvU li^l A^oJL*J| ojl^j>cJ| 
U) jiLL& jl 4jL-jZj>- jl j i Jjj_*_> Lo~a Ijl I j-^"l w\J ^P J«Jj>- Aa»t^_Ava 

0 j^>-Vl ^Ip 800000 JJ ^<_3w\Jlj 3 !j^oVl ^Ip 100000 Jl oljj3 yy. ^-J->J3 

jjj,3 J5 y C AjwLJj>- ( /^o j) Aj_sl3 OljJL9 ^3 C > Jj Jj wLJj>- jl ^wJ 

•u-v 51 


jLo-sVl 13 jJ>-js Jj j\_L> j_P Aj>c ^ i 1 ^oJLw^j ( j-oL_3 o ^j>jJlj 

^Ja-wK (__51500 —3 ^j 2_;^oJl wL>j\_L>jP ^3 ^JJ>-lw\Jl jl a w ^pI jJa-yaVI 

jj* Jil cu^o j ,j»UJl ^ (cm) 6.4 ± 0.2 _j ^UjjVI ^ JuI^Ij y>cJl 

aJU^ 1 LisljJ j>L>Jl ^3 j3L^wJLLw*i 2.0 ± 0.9 _> ^LaJjVI ^j^a-3Jco c 1500 

jLowJo CIjIjLo djl?-LcJJl dJj ^*_1 Ja.^.;jJ_^ .aJu>Jl ^jLLva ^_31jJaV ^Jj>t^-vw<Jl 

J j\J>- J_> jja jP J~Jj>- <k>^JL^ cJI y>- jl_>j3 ^-Jj5 Jij ^^-wJJaVl Ja_*w>c_^JI 
jjJJl JjVl J-5_*Jl ^_3 ^_1 _pI jLjjJl JwL*_>3 jl_S"j .2006 _ 1992 3jjLiJl 


D. Dahl-Jensen [et al.], «Past Temperatures Directly from the Greenland Ice Sheet,» (1340) 
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E. Willerslever [et al.], «Ancient Biomolecules from Deep Ice Cores Reveal a Forested (1341) 
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Jwb Ij .oLjwJLwvJl j ol 




^3j t {jijJL-x Jl 


(1343) 


Is. a $ * * 1?. 11 ^is-LwoJl I *y>- j_a ^JL>cJl oLjjJl cl ^^_Lp 

Ibsl^j <. 4 jLJwO*)AJj jJLx ]I (1)jJlJl oLJuj-JLp ^3 ib*obj>cJl d)bjJJl O-b-j 

j^-v£?l Jd *5^bj^P b-Jj>- 4 j>«^jLv 2J 4-Jl>cJl CjI d)lj co jZa Jl cillj jl JX>-\ 

. (1344) ^3lJl 1940 _ 1920 ^ ijj]\ ^*>UJl ol^Jdl 

\s LbjJ I LajJ-v 2_> ^JL)l CO 2 dJ UL*—»C *L^1 _Pj 

II^LaL>cj taj 'y 1 ^JajiJl wUL>- v -_>Jj cl)l jJx *Jl 

•fA^' 

(S~S I) ^.JaiJl 

j <Lw>- jJj»^>- 4j_SCdL« JJl>JL) ^JkS^a jJ^>cJl 0 jS Uwwai 0 } 

0^5s_> d)l ^b>cJl c_JajaJl iJLSv-ji^/l ^3 L^J^Ljoj 

.oLIaJL aJ^jj t 4b3l3 ojUlJl Cb-jLS" c jJ^>Jl <^Asji}\ ^3 wL4j>- djl-Lk 

J . I _ ^y+>> jl 1 bj>- ^y^/S ^l_P 34 ^Jw<3 ^L-VI bJ^>t)Jl lb->^ 

Sjljj>cJl 1)1 d^-4> a^jLaJI oLbLSUl ^3 ^yjsy^S V1 jbLla_} 1)1 ^_p jJl 

^Jwv2j2jj C ^Lp 10 jXSS 1 ^3 ^UaJbL) ^/2_3Ljb O-j 15" 4»o^^Jl 

(J^L>- ol^JbaJl li^l J_>-l aLp 1)33.8 dr^* 1 j^-Jjl — I 3jJ l>* 

j! ^Jl (1347)(1346) 0 |^J| ^ JL^I JJ, ^,LJ! *lp 100 Jl 
. 3 ! yj^\ IJ-& ^P ^J>c-Jl dr° oLil)L**w<>Jl JbMaJl ^y3JL) J->cJl IJ-& ^ Aj 

^liJl ^ ^)loJl L>t)^>cJl 0-L_>-j OL^>cjwoJJ c_31 J-v^'-Z1 4j1 j^P 


P. Chylek [et al.], «Remote Sensing of Greenland Ice Sheet Using Multispectral Near- (1343) 
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J~Jj>Jl ^3 £_jj_^Jl jJ J_Jl 4_> J j (. <JI J-^g VI P-LwOwJ 

(Jj_Jj / ^4 _>jJLa <4^-j 3 2.5 1 J_>c—Jl Ojl^J>- 4 j>-j3 LlJ IJ 

120 ^j/g 6 >cj 1 J3 (jj^j (jl j4>cJl ^r.lg ,*ai ylL^A (1)1 ^Lp l-v^J 1 4-0LoJ^J 1 

J3 ^_>c-Jl ^Jg-w*> ^jJLs^s (1) 1 ^j-^o 4^g~J-^j-*->Jl *-J^ 01 j-^P ^ 1 j^J 5 135 L^i 

<1^J>- jj>c-Jl j*J> ^LajjI ( Jo'b/jJl oJ& . \JL* 70 55 ^jA ^jj2JL>%-)\ 

P-Ljl JljJ ^J»P j->=Jl ^r-)g.*Ai (_£jJLws^a ^/?Ia>o 1 O^J>- IJ J .P-LoJl (jjj ^j->jl 

■X3 (jj^j (1)1 j >cJl ^f-)g ,*ai woJ (*_—>c-»_9 C jJgJl C_Jg-Jl jJj>- (_^i 

aJ_>JI <jV t wL^Sl j-^p U&j -j J-J 105 ^Jl 82 ^o2-<2_>tjl 

.(_£^y>-l ^3 4_*-voLJl ^'LjJjIj ^ jJj>cJl (wJgJiJl (34L* (^j-^>Jl ‘s-JaJl 

wCJ»^- 4g*c--^fl-* /g L5" wE&J • 1 ^t 1? * i«j ( ^ y~^*s+A ^ j ,ig i tf >co 1 J *X»J«^c31 1 -t—} 

d)S/l LSl^uS'jLd'y 1 jJj>- 4^>t-oL^3 ^jos j_JI ^Lp <j jJ-* 33.5 Jb-j jjgJl twJajaJl 
jg»-l C2_>o £-a JjJjIj 4 JjLJ| oLwoJl J ^jI ^3 CJj>cJl iJkj .4JL<Jl ^3 25 4^-vJo 
^3 4 j jJJs 4_>-j3 2.5 jj>c_> C2w2jL>oI 4_o 1 ^>cJl ojl^g*- 4^-j3 (1)1 j-o 

(1350) ... - », 

4jb CJ jJl 


5 JJ) (JtA3>“ j-l>Jl c_Ja_Jl J-J>J ^Lwsol JLl& d)L5" 

C ^l_>4 ^c_4-JLS\_ij C (^Lp 10 J| 

^-o*)La 5-3 Juj-d) ( j-^-^jjL^*!>LJl Sjji3 •1 ^jL j IL?.-.>co3 ^jj>JI oljj^-Jl 
Jg.^>c-oJl ojl y>- 4^>-j3 OoLS" c ^j-JL> iljLflosj .4X3b o_3j^Jg iJljJfc C-o 15" c (^Lp 


ij 1 20 _> ^_Lp1 j->c-J 1 ^lg.,*Ai ^jJLwv^j jlS”j 14_>jjjs oL>-j3 ^_LpI 

(1351) ^iJl J 30 _, Jlp! (j_pJl C0 2 
-^a_v2 eg j ^ Jgj l ^>Lp (1) 2.67 


Jl 

(J^ jJwo (J| ^-3j jJ C-^Jo 1 j . 

.4w^s^j^l 0^_^_J t l—Ow«^J 1 *«. 1 A *./2 -s 11 J_J_g- 
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T. R. Nash [et al.], «Constraining the Amplitude of Late Oligocene Bathymetric Changes (1349) 
in Western Ross Sea during Orbitally-Induced Oscillations in the East Antarctic Ice Sheet: (2) 
Implications for Global Sea-Level Changes,» Palaeoceanography, Palaeoclimatology, Palaeoecology, 
vol. 260 (2008), pp. 66-76. 
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Palaeoclimatology, Palaeo ecology, vol. 193 (2003), pp. 349-382. 
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j ^dgJl i2^j>c-oJ1 5_>j_L? 15 j~a\ Ja-w*»j ^9 ( j^5ljJ ckLdplj 

od_& (Jdd>- .^J^SsJl £'L*-2a^fl dr° (^■d > ^>2; 0-9wii C cldk £-a 

<. > jddJl (^Uflj ^ a_*_5> t^Lw^LoJl ^Lp ( /^odda 6 _Jl ^9 ol j*J*sS\ 

<~j jj^>cJl ^ 9J? J Jd><Jl a*_5>j ^A dj-^>“j d/d»-j> ^>-Laj ^jij dJl^ud ^ji 

.ji^i 

j^>cJl apJ kjl Jp^ l p 800000 ^Jw*9 . Jg-s>c^oJI ci->ljLo dj j*xj jJs} 

2-}j .Ja^>c-^Jl djIjLo ^Lp 100000 5 *l5»-1jwoJI Sj^jJI a_>Ij»j^ 

Ja_L> ^jl)I oJa^>c-^J' ^ijIjLo .L>^j^>- <l2>Ia_>^j>&»JI ^ 

d)} . J J-^>cJl J>C_~Jl ^-9 (Jljjl 4_*_> J^j dw^vU <U_Jw^>- JdxJl (J ^>" Ojl ^>cJl 
C-j ^-9 ^—-5j5 A-s_Lp dj5d> dl d* ^Jl j-kjJJ Jv^^l ddSd^Jl 

.k-49 jJ>-^}\ J_d>&Jl jjfc ^>-d>-j 


^P wLd->sJl f-UaP jdj^pd ^s?d>Jlj d^»JkJl |*- j, -dLJl j ^mJcS 1 

^.5ji 1 1 ojjd>t^>Jl djjdaJl Lw^odJl ^51 J-*_> lJ-> (_£dJl t ^_ijJ^>cJl iw-5a_aJl jdJ 

C—>cJ odwoJl (J^>- jdjJl £_Lo-> dl ^-k<Jl d)dS"j . jJ^>cJl 

oljlaJl ( J5w> Jj_>cJ ^P -5J .^jjJj>cJ| t^JajaJl (Jj-v^Jl ^j-a AX9ljJl A^kJL)l 


jJ^>Jl C_-kj3.) 1 

J 5-s^-p Jl (Drake Passage) 5Lj^ j-o-a Ji oljdiil J5ddJ jl5 
-dj JalSdl Jj_> J 2 JI .5iJd5 Jljj .^^oJUl ^dwJl 

^kiU (Oates Land) JJd/ J^dwJ ^IaJI ^jJw>Jl ^L>-^dJl ^dLjNl 

Jjljl ^-9 • ^dp d)j-5—a 32 ^Jl 

^5j! I^^J>-^a ^deill dl ' dr°^ ^ (*Lp d^-d*a 25 

3jl^_>- C.^-yg_a->tLj' C dJ-Jj^ j-o-a ^ >_5 . ^dp ^j-w>dd-a 10 > 

do-dJ I twdajdl Ojl ^>- A>-j^ C—*j 1 jjIj i> ^La od-j^i 3 Jl jj>cj j^>Jl *>—>. k .a 11 


.‘Uw-LaJl oj~. 52l liijAiojli oL5(1352) 
L. A. Lawver and L. M. Gahagan, «Evolution of Cenozoic Seaways in the Circum- (1353) 
Antarctic Region,» Palaeogeography, Palaeoclimatology, Palaeoecology, vol. 198 (2003), pp. 11-37. 
H. D. Scher and E. E. Martin, «Timing and Climatic Consequences of the Opening of (1354) 
Drake Passage,» Science, vol. 312 (2006), pp. 428-430. 
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j-* 1 -* **-»j 


(1355) _ 


oL?-ji 3 ^1 jj>u 


i_-]ga 1' oLw^ >L—OL*—^>1 ojlJJL* i-bljJ LL?.^3 ^ 

^^LjLwvJ I ^ ^ ^->^cJ I 


(1357) 


iJljwA j_SL> ^Jj .oS/l ^ U^l ^jS/l C-J15 cj»Lp 5 ^Jl y>- JuJ 

£_**ol L^wLLPj .Ja-s>c_x>J 1 oLos ( J^lJ ^J (_£j- >c - J wl__L>- 

^Jw>cJl >w»Jg-AJl ^yaj c_—Ig-fiJl JjLjJI j jJa_i c 

£-0 loj-o-P UglJLw*j Lyfl->' ^l_>^Jl Jg-i-vg ^juJ c o-wO>ti l3.il oLo> ^j-P *)I_JyX~a 

c Ljl^g*- 4l^^*-oJl 0jliJl dO^*o .^Ja-^Jl ^ :>tJ ^_ > L-^voL d-^>o ^^jI oLoj 

jjJaJ d)| Ljj .^IlJLJI ^3 ^y>c-Jl J-Jj>- j jJaJ j 4_*^uLJ| J»Jj>- j->J 


j>l*Jl ^1 ^Jo^l O jUl 4 _£-wo-*J| oLwoJl j jJg-j |j-A d)LS"j . C—3 j-*-3 C 4_sLl5"j 4g»- j_L* 
(. yPj^K J 4o>l^Ji ^JLlaJl J-JjSxJl j-<o J 4jl^-o-*Jl oLo>Jl ^lp Jl 3 J . O Ug-0>c-<»AJ 

^_Lp 4 j j J_3 OjjL>to ^_>^Jw>cJl O-—Jg-fiJl ^3 £-1Cl—>eO oloL*-olj 


LJl> L>ojJJ dj Ug.o>c-oJ' c-> ^c~a I ol ^1 


J~i 2,1 <y ^ Oii 


Ip ij*>U 


^>0 


J-*_> 


^1 ^LoJL)I c_-JgjjJl ^3 jJLjtJl y> c-Jl J-Jj>- .4JL-ooJl OjUl 

yP ' O^i Ojjl^>cJ J_3 ^^L<>-JL]| p|j^y 

J5 ^3 7.7 _) ^_>c-Jl ^Jg-^ ^*4 pLoJl y> c_o 

c <C>>sLS" Sjljj>- j_>c_Jl!I ^ —lJgjoj .y> c-Jl gJa.^ ojl j^>- ^ o-L>-lj <^>-jjJ 

^yPA >CJJ . | /^wJg-i3-li ^Jl ‘Cw^LS" ^3 4-01I (^jJgljwoJl f-lJ_^J| cJj_>cJoj 

Ula ^pas^jj tgJa-^ ojl^rj-i jiaLixJ! ^ (Upwelling) 

|j-Aj .^JgjlJl ^lo'yi 4oa ^oUj L« t ( /^JajlJl ^Jl L^_Ljj>o I TiUaJl 4^0-5” 

.^IjwoJl OjI^j 43UaJJ y>cS\j Jl 


J. R. Toggweiler and H. Bjornsson, «Drake Passage and Palaeoclimate,» Journal of (1355) 
Quaternary Science, vol. 15 (2000), pp. 319-328. 

J. R. Toggweiler and B. Saumels, «Effect of Drake Passage on the Global Thermohaline (1356) 
Circulation,» Deep Sea Research Part 1: Oceanographic Research Papers, vol. 42 (1995), pp. 477-500. 

U. Mikolajewicz [et al.], «Effect of Drake and Panamanian Gateways on the Circulation (1357) 
of an Ocean Model,» Paleoceanography, vol. 8 (1993), pp. 409-426. 
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d)LS" ol ^_Lp cJj-j ci« , LjLo ^s\jS^ 

J ^Jw>cJ| Jg.^>c^oJ' ^3 *^l_) JwO oL^>eJl ^ (J^-j J C 4_> I Aj 

ijljjfcj jJj>J| (wJajiJl I A^L-<>»*Jl Ja^->c^Jl oL>s ( Ju>j>cj cd)S/l j-o-oJl 

<jlJwJ (_£j_?*-l Olj *U>-L>- 

IjLp ^3 Ll^-LL* LaIji^-I 


d)J-ij .^jjJj>cJ l (w-ia-fiJl OwL>- 4 j>c-o1. 

^3 ^j_><Jl (—3*)2*Jl ( j-a j-3-LoJl AL^SjJl 

v 3*)A_*J| CO 2 <• 4-> J-) J jS>r *./£>, 11 OO 2 J 0 LoJwO^ .4_*_4_i ^oJl 

0J_^_j CO 2 (J J-£- |i-^J t ^J-*-^ 0 .4_jjjJI ^3 J (_£^J>cJI 

J 3 aJ^I oj_& d)l ^j»vJ L'yLo-^Jl oLiu (^l^j Lc>-jJ jjj/ d)l jsS* .a^-L>^JI 

d)l *• (1)^-J-^ 50 ^*3 IAj ^oLv2jJl d)l ^s *^Jl ^.L.<i>cJLs^ _^p d)^^j 

jlS ccJ^Jl dJUi J^Uoj . ( 1360 ) j»lp 23 JJ Ml Ll* jj LMU- 4 JI ^Sj 

£>J (^Lp ( 1 )j-2_-4 23) £_jjLJ| |j_A ,*^1 \JL> 9 . J- 2 _>cJL> ( Jhj^a ' ^_J <*_L>cJ| ^JaLflJI 


(1362)(1361) 




j>- j-> c_j /j-^ 3 ^_^>Jl 4 _>^_>cJlJ| O’ 

(1364) », (1363) ,,.. t, 

. »w>j^JI y> cjj <JL^_Oj 1 


0>L>-j 3 ^_?l^L>cJl (w2g-4.ll ^3 3 jj>-^-J l (^wOj jS^Jj 2^P3 

t L>~j3 65 _ 40 — ^1^-ljJl 3jUlj £_4_>^3 4_>^2L*xJl ojl^3>cJl 


A. G. Beu, M. Griffin and P. A. Maxwell, «Opening of the Drake Passage Gateway and (1358) 

Late Miocene Ccooling Reflected in Southern Ocean Molluscan Dispersal: Evidence from New Zealand 
and Argentina,» Tectonophysics, vol. 281 (1997), pp. 83-97. 

D. Seidov and M. Maslin, «Atlantic Ocean Heat Piracy and the Bipolar Climate See-Saw (1359) 
during Heinrich and Dansgaard-Oeschger Events,» Journal of Quaternary Science, vol. 16 (2001), 
pp. 321-328. 

P. D. Clift [et al.], «Correlation of Himalayan Exhumation Rates and Asian Monsoon (1360) 
Intensity,» Nature Geoscience, vol. 1 (2008), pp. 875-883. 

X. Li [et al.], «Geochemical and Nd Isotope Variations in Sediments of the South China (1361) 

Sea: A Response to Cenozoic Tectonism in SE Asia,» Earth and Planetary Science Letters, vol. 211 
(2003), pp. 207-220. 

X. Sun and P. Wang, «How Old is the Asian Monsoonal System: Palaeobotanical (1362) 
Records from China,» Palaeogeography, Palaeoclimatology and Palaeoecology, vol. 222 (2005), pp. 181- 
222 . 

P. D. Clift, «Controls on the Erosion of Cenozoic Asia and the Flux of Clastic Sediment (1363) 
to the Ocean ,» Earth and Planetary Science Letters, vol. 241 (2006), pp. 571-580. 

L. A. Derry and C. N. France-Lanord, «Neogene Himalayan Weathering History and (1364) 

River 87 Sr/ 86 Sr: Impact in the Marine Sr Record,» Earth and Planetary Science Letters, vol. 142 (1996), 
pp. 59-74. 
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( J^2j Ojl j> Jl Ag“Jw\J Lt>Cjl C-Aw?Jl ^3 jj>Jl li J_) J . 0 Jj wLd ^Jj J\J .AjjJU 
ajj_L« djL>-j3 5 ^Jl lJL^>-l tJgJLs I d—> c_j 4_>-j^ 45 _ 

^ ^*»wOw-wn^1 ' A^^j 1 >-\_*_l-^c_! 1 c) ^5" t t-, * 3 J 1 3 ^ ^ 3 ^ , j A *./2, 11 

J-J-gJU AjjJU ol> j3 ^j-vwoJs- £-1 j_gJl Ojl ^3- Ag-j3 ld*-9j lib ■ f-l./gaJl Jj Ipj->-j 

•VJ-^ jp 

jl jJj>cJl twJajJl J-Jj>- Ag*c-J^jg ^LvJl J_>Jj>o ^3 o ( *-- , dj-*-v^ J J-& 
j.$Ja j jJ j_d>Jl twJaJLS 1 (3 ~lJl>- d>c^Ls^ Jl £-LpJ JlUfcj .L^2_liJ 
jJj>Jl twJgja.Il ,XAj>- Aj>i -J-s^ 3 (1)jJJ jJJ C jJj_^Jl jlolJ>>dp 

jp adr jl »UjVI 11* Mj . (1365) J l^jU js\ 

I 3 j_*_vg ^jLdj J-J->Jl d)lj <• U^l j->-1 L^j j-&j ^-> j-d>Jl twJgJL) 1 

4j>-j3 ^3 twfl^j2J>- j^j (1)j^j (jl ^ l-Lg-S" JJ-*-vul (l)lj j^-Vl 

.d^JUl Ojl ^>Jl 

JjJg ^_i_p a_S"^_>J l L>-^_du (1)1 Low^_lSJ>w> 'y l_^Ja_*_vg^ oJw<Jl dwo-S" (1)1 

j^xSLa j-aj ^JJjJ Jj_>-3 Jj_& (. <j jli dJ J-L>c->J £-*J . J~J_>Jl oJ_P li 

*A_L>C_^Jl d-*->tJ ^J3 i\_p jj*+J oL_Jl J Jjygj JL^l J ,wJj>C_^Jl odpLE J J_jg (_5^^ 

^pjp M t (1367) UJj'yi (Kennicott) ojiLiJ jJl>^j ^j .oULdiJ cL>Jj>Jj 
Ji c J_)*)Ad>^P d>c^3j C A^j j_*-a a5" y>- ^Jl aJL*J1 (1)L>jJJ1 oN-U-« 

aS"^ g»- ^3 Ad>jj>Jl djLpjLvsdJl 3jLJl j-J-gxJl ^JJl ^j-a o j~r* J-oJ 

o 1 j_1j>c_xJ 1 tw>Lwvul d)l d)LwjJ aJl^VI oj_& j . jJ j_p J-Jj>- ^jLLyg 

aAjjLp aJI Jj^ ^-llj C J-J->Jl 4_>coJ-pU (^^Jj^l ^j-a ^j^J 

•ci>' 


dwsi>L<Jl LaLp 150 Jl J^L>- o^l 


^’J 


^JJJl 




-J 


dr" 


F. Remy and M. Frezzotti, «Antarctic Ice Sheet Mass Balance,» Comptes Rendus (1365) 
Geosciences, vol. 338 (2006), pp. 1084-1097. 

A. G. Fountain and J. S. Walder, «Water Flow through Temperature Glaciers,» Reviews (1366) 
in Geophysics, vol. 36 (1998), pp. 299-328. 

T. C. Bartholomaus, R. S. Anderson and S. P. Anderson, «Response of Glacier Basal (1367) 
Motion to Transient Water Storage,» Nature Geoscience, vol. 1 (2008), pp. 33-37. 

C. J. van der Veen, «Fracture Propagation as a Means of Rapidly Transferring Meltwater (1368) 
to the Base of Glaciers,» Geophysical Research Letters, vol. 34 (2007): L01501. 
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j_U>cJl (3 J C2olS"j .^J j-L>cJl ^3 I J*-*J L>cJol 

J-dJj .c_dSdjj c ^JlxJl J»4 j>- lo4 LoJ| ^3 90 y>Jj ^Jl c o 

^j_o 3(1 )j-4>j 347 J-Jj>cJl aS Lo-^i *dpLJg-yg^ 1 jL^-s'yi o-^Ls 

^3 *LJ! ^ jj* jLL* 45 ^Jlj^ CURLS' l*jl oj^jj 2003j 1992 


5 jj\ ^3 Ja_3LwvJo ^IjJl ( J^j>c-J i._3 l£" ^JuSs-aIo wLS j y2j')l I <»^5” jS l)V 


^3 wL)7Ajw )^p wL^L>- d-oLS" U5 . ^Lp olSC^ 

IjlI4-& IjJ jjJ .<_ 31^3 <_->jJuJ Ja-wAijJl ^3 pljL>c-oLvaJi j^Jjj 

jl j»l*Jl ^3 (mm) ^o-4*o 1.8 ^Jly>tj y>&^Jl <_£^LjJjI LJyS” 

^ (AlGore) jji> Jl ^JL Jiij .jylll ^ 

.3yj>Jl c_Jaji)l ^3 


‘f 


i*ji 


10.2 J *l*Jl 


ji^^/i j\ 


(137 0(1370) 


^54dJlj 4_PJl ^3 4 j>c_*2>Ij dj| 


(Whillans Ice Stream) (1372) jj*>\-)j aJl>- jLJ U?lJ J_i) c ^.Lxi 

^Jlp j . (1373 ^LjLp 150 J_J (Kamb Ice Stream) ^u>\S JlJl>- jLJ jJj 

^y2_3ldJlj wL)l JdU wL4j>cJ| C-*->sJ La jJj .SjjJ ^ ^-31 <ul ya ^_P^J| 

(Jljj ^ 4 -j jd>cJ! c_i_3jJl *dLo-P (l)i C OljJu^Jl ^>Lwwvul ^3 j-*Jl 

Jl 3 J .yS"Lsl 0 J-P ^3 7j J_Jj>- d—> cJ d4 j*J>c-) Jj>- yj 

dj|j 0->ej Ojl y>cJ 

• w\»4^cJ I ^ La^»vo I ^3 ^.1 -ii-h‘.-i-i^ I ^, ■m‘.^-i -1 ^ ^ w\»4^c31 


7jwL4_>cJI 




„ (1375)0374) ,, -1 ,- 

j . ^yLiwU 4Jjl3 


^C- J L. A .*y ^ ^1 1^ I ^ j»/0 I 


C. Davis [et al.], «Snowfall-Driven Growth in East Antarctic Ice Sheet Mitigates Recent (1369) 
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H. Conway [et al.], «Switch of Flow Direction in an Antarctic Ice Stream,» Nature, (1370) 
vol. 419 (2002), pp. 465-467. 

F. Ng, and H. Conway, «Fast-Flow Signature in the Stagnated Kamb Ice Stream, West (1371) 
Antarctica,» Geology, vol. 32 (2004), pp. 481-484. 

I. Joughine [et al.], «Changes in West Antarctic Ice Stream Velocities. Observation and (1372) 
Analysis ,» Journal of Geophysical Research, vol. 107 (2002), doi: 10.1029/2001JB001029. 

R. Retzlaff and C. R. Bentley, «Timing of Stagnation of Ice Stream C, West Antarctica (1373) 
from Short-Pulse Radar Studies of Buried Surface Crevasses,» Journal of Glaciology, vol. 47 (1993), 
pp. 533-561. 

S. Anandakrishnan and R. B. Alley, «Stagnation of Ice Stream C, West Antarctica by (1374) 
Water Piracy,» Geophysical Research Letters, vol. 234 (1997), pp. 265-268. 

S. F. Price [et al.], «Post-Stagnation Behavior in the Upstream Regions of Ice Stream C, (1375) 

West Antarctica,» Journal of Glaciology, vol. 47 (2001), pp. 283-294. 
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^ 1 t ^ ■/?*.) ^ Jg . O 1 03l^*s.^C»Jl ^ y A A bg .-»«.* Q A^w*l »2 L—& 

£j3j jJj . jO>Jl twJgja.il J-Jj>- JUo> (l)bjJJO*o ( J^j Jj*}L>j) 

14 9 _> ^Jg-wJl J-wL>J Lv^Ia>o!^ LpLJjI a^jcoj col oJj& 

^jLJI Jg-x-ygJ' o_3*-/ Lolj • jZ~* j-JJ" 500 _ 120 J^L*J iJlSJs 

j .^ijJJl aJl>JI ^jj->cj ^jJl ol^o^l ^^Jlp (Hydrostatic) 
c ^y*j ^AJw« ^-jLLJl C^w*j>c-o! 0 _i colj-w»c-Jl o ^3 oLjJl d)tl)l 

( JCjL* 3^jJL <jl ( J^3j . jJj>JL bLoJ O jJ-^ vja Cj| j^g-cJl 0 ^^ bl 
C0 _>cj U-P JuJjJl 43^*oa ^Lo>cj ^ ^Jg-*w*> ^ ^L*^aj wtJo>Jl ^jLJjg 

.j^^Jl *w9*}bj>-'yI ld_& 4jw\Jj>Jl oIp j-^Jl iwJ^gxJ bUj c jJj>Jl 

j-wJj .oL>-IjJJLj Loob 4JO-L* .J5_>cJ ^ ojli jjj>Jl twJaJJl l)| 

jO>Jl twJajJl ^9 j»Jj>JJ ^15Jl Jl (NASA) L*U <&jJj>- olij_L *oj 

^5Jl ^j^jj>Jl twJajJl o jjy^- ^3 ^L>c_^Jl _jl1 ^S '^Jl ^A_p ^ 

Jo- Jj3 £_«j3j JwL-L>- Ao*l^JL</? jJj>Jl twJgJ3.ll (l)|j . JJl>JJ IJljJb Iw«j 

5^5" jaSj* JJ>-L-o 4_*JL Jlc& 1)1 Lygjl JjIJ coLL o l y^jj .^*j3j j-* ^ ** > * »> 

(Wilkins Ice Sheet) 31 SJj ~lL>- ^jLo? Jji S Jjj 


(1378) 


^0>Jl ^Ja-Jl Xwb- 4 j>c^L^ o 3^p ^3 ^*>LoJl Jl^3 325 j»Ip d)LS 'jj ^>cjdl 

^jA 0 j~S olwoJ yy>z-~*j .Jbp jL>cj3j 1 (Index) ^JJ^ ^ Ug-oo Jl^ 

jj>Jl ^ <tL*3jj w< Jl 0 jUJl obxJlj (Geysers) 4jJ>-JJl oljL>cjij'yi JJj .jyt-JI 

Lob f-Js 4»ob5"^-Jl 3jl^_>Jl wJ ^j .lJj>~ jL>- jLp L^_LP jJ^.;j tlw)_^- 4 _*oLJ» 

t J L^^31 ^1^3 . 1 J^J 1 t. J Lw«»vJ 1 ^\j J3^ C wCwL^J 1 4.^c^Ayg 0 J-pb 

^^o>Jl ^JgJJl aJl^- ^^jLvg ^ (Pine Island) 3jjjj>- J-L>cj3 


(1379) 


l*j 




J JwwL?*" 


J j3 -L^_P JJ->3 


H. A. Fricker [et al.], «An Active Sub-Glacial Water System in West Antarctica Mapped (1376) 
from Space,» Science, vol. 315 (2007), pp. 1544-1548. 

< http://earthobservatory.nasa.gov/Newsroom/NewImages/images.php37img_id = 17257 > . (1377) 

< http://data.giss.nasa.gov/cgi-bin/gistemp/do_nmap.py7year_last = 2007&month_last (1378) 

= 09&sat = 4&sst = l&type = trends&mean_gen= 1212&yearl = 1951&year2 = 2004&basel = 1 = 1951& 
base2 = 2006&radius = 1200&pol = pol >. 

< http://www.sciencedaily.com/releases/2008/01/080120160720.htm>. (1379) 
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$jj ^5 c j_^>cj! iw-Ja-aJi t. -> jS' j-j j>~ o-c-uLv^j 4_*_^>ijJi 

IjyS ^\y>\ j Ul& *^ji ^ j Ljj^So JU-J. t (Marie Byrd Land) 
O* J tj»u 16 J-J* fj\ £_£jJ l* OljL>c_fljl ^ya 4jJ—L>- j 

, (1380) i*>Ljl JJ 207 ± 240 JJ y> oljUill 

C wL-L>cJ1 ^jLLs^ 0 J-pljjJ Ojl ^>cJJ VI oJ_g_S" Oljl>cJljl j^XJJ 

owL-JLa o wLL*^ 3 ^LowI?-j' J2-*j>c^oJl j_>c_> o! oLwoJ 1 (j_3-1223 

4_sjoJ_g_S" ojj >L^o'yi a^j cJj| j-p- ^JlSs-j^jo Jij t J-Jj>cJL> 

Oj • ^ ) l-S* j-) (_J^ ■***' *—' C »<* L*»v^»0 t -.. - - 1 ^_) I 

l^jJlS* jjLs^J^P ^3 t (jLloJl ^1^3 .^_£jl^>cJl ^^ , L-^u'yi t clU.5 (_5^i 

oj|Ji» Jw*U_«j 1991 ^1 1922 ^4 ojly>Jl .atajl t (Grimsvotn Caldera) 

1938 j\a>Jl>\ Ji J-v^jj 


(1381) 


C jJj>cJ| iwdajdl jp 4 j>c-oLs^2j ^JjIJLj jjb j-*P 4-)l y* J^\ ^IpJ 

J ^JlS"! £-Lo ^ W ^' J *-^“ w '* , d ^ 0j-g-ygJwoJ' oLwoJl ya y j.^/3:.a]\ jl 

JjIwLp- olJljj>- ^xJlj oJl oL-oJl 


jl 1^5” . ( ' 1382 ) c5 _jjJ^>JI ^JaJJl c (Siple Ice Streams) ~lJl^- 


(1387)(1386)(1385)(13 84)(1383) 


Ijlj:>L^T) ^jSfI 




H. F. J. Corr and D. G. Vaughan, «A Recent Volcanic Eruption Beneath the West (1380) 
Antarctic Ice Sheet,» Nature Geoscience, vol. 1 (2008), pp. 122-125. 

H. Bjornsson and M. T. Guomundsson, «Variations in the Thermal Output of Thesub- (1381) 
Glacial Grimsvotn Caldera, Iceland,» Geophysical Research Letters, vol. 20 (1993), pp. 2127-2130. 

I. Joughin [et al.], «Melting and Freezing Beneath Ross Ice Streams, Antarctica,» Journal (1382) 
of Glaciology, vol. 50 (2004), pp. 96-108. 

N. Nielsen, «A Volcano under an Ice-Cap, Vatnajokull Iceland, 1934-1936,» Geographical (1383) 
Journal, vol. 40 (1936), pp. 6-23. 

J. G. Jones, «Interglacial Volcanoes of the Laugarvatn Region, South-West Iceland I,» (1384) 
Journal of the Geological Society, London, vol. 124 (1969), pp. 197-211. 

J. G. Jones, «Intraglacial Volcanoes of the Laugarvatn Region, South-West Iceland II,» (1385) 
Journal of Geology, vol. 78 (1969), pp. 127-140. 

B. Brandsdottir [et al.], «Preliminary Results from a Refraction Profile across the Katla (1386) 
Sub-Glacial Volcano, South Iceland; Evidence for a Shallow Crustal Magma Chamber within a 
Propagating Rift Zone,» £05, vol. 73 (1992), p. 277. 

M. T. Gudmundsson, F. Sigmundsson and H. Bjornsson, «Ice-volcano Interaction of the (1387) 

1996 Gjalp Sub-Glacial Eruption, Vatnajokull, Iceland,» Nature, vol. 389 (1997), pp. 954-957. 
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la—a ]l 


(1391) 


i_^S. 


3 V I S- 


,(1390X1389X1388),^ 
(1395X1394) . (1393X1392)/ 


ilL^* «ij 

c |jj>- SjL>- jL*J 4 JoIj djL jL* woI LsAjI .lILla c jg.-a s UIp 

J-L>c^j ^jjo <—a.*-JLL> oj-a J5 ^3 j .<L*JaJlLfl oIjL>c_AjIj ojL>- oLw^j 

jLjLp'yij *y ^ *l5j^ ^r 5 * - ajL> s_ bj-Kj (. 

o j_LJ-3j <_£^^*-1 4~Jl cujL 5 L^-p (JjLwvo i3LLA .y>-\ 

^ y a f-\ 'j>-\ d)lj c jJj>cJl (wJgja.)' ^3 iJlLk d)l 0 

d)l c wLJ->&JI jloLi-»L<xxJ! jJLLj .La^Jo ^ (wJa^Jl ojU 

. wLAj>J| 4J>c-oL^3 ^0 jW*' (Ji lP>" 

L^>s (1)^1 ^ol (^jJLJL> 3 jI jj>cJl oL>j^ (1)1 

^-aa^aiIj ( /j^s aJjjJI 4_oLj^ 3j-^>cJl 1957 ^Lp ci^j^SCaJ jJj . 1930 ^Lp a*1_p c-oLS" 

^3 o jZS <U3Ui>J ^LE olk>tfl 


(jLs t ^jjJw>cJI 


c>° U J 


Lj )wL>c_J 


j! ^ ^Uj 


oULJ oJl oljlxSsJl 3LaJj(j>c-3 l./?./? j ilLwA 

o^laJJ 4_o^l>Jl 4—JaJLlI ojLaJl ^ LiL /2 lil^ol <L_4..kail 4jj^Jl 5L/3 j > )M 


C. C. Allen, M. J. Jercinovic and J. S. B. Allen, «Subglacial Volcanism in North-Central (1388) 
British Columbia and Iceland,» Journal of Geology, vol. 90 (1982), pp. 699-715. 

L. E. Jackson, «Pleistocene Sub-Glacial Volcanism near Fort Selkirk, Yukon Territory,» (1389) 
Geological Survey of Canada Paper, 89-IE (1989), pp. 251-256. 

J. E. Dixon [et al.], «Volatiles in Basaltic Glasses from a Sub-Glacial Volcano in Northern (1390) 
British Columbia (Canada): Implications for Ice Sheet Thickness and Mantle Volatiles,» Geological 
Society of London Special Publications, vol. 202 (2002), pp. 255-271. 

S. C. Porter, «Pleistocene Sub-Glacial Eruptions on Mount Kea,» in: Robert W. Decker, (1391) 
Thomas L. Wright, and Peter H. Stauffer, eds., Volcanism in Hawaii (Washington, DC: U.S. G.P.O. 
Denver, CO, for sale by the Books and Open-File Reports Section, U. S. Geological Survey, 1987), 
pp. 587-598. 

W. E. LeMasurier, «Interglacial Volcanoes in Marie Byrd Land,» Antarctic Journal U.S. (1392) 

11 (1976), pp. 269-270. 

J. C. Behrendt [et al.], «Glacial Removal of Late Cenozoic Sub-Glacially Emplaced (1393) 
Volcanic Edifices by the West Antarctic Ice Sheet,» Geology, vol. 23 (1995), pp. 1111-1114. 

C. A. Hodges and H. J. Moore, «The Sub-Glacial Birth of Olympus Mons and its (1394) 
Aureoles,» Journal of Geophysical Research, vol. 84(1978), pp. 8061-8074. 

C. C. Allen, «Volcano-Ice Interactions on Mars,» Journal of Geophysical Research, vol. 84 (1395) 
(1979), pp. 8048-8059. 
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£ja_~Jl 21 ^ Siy-Ljl oL-LJJl yjj , (1396) 2 0 00 j 1966 

. 1998 1978 y« ^IwLXjI c Ajybs 0.008 _> ^ iSj^ j J^.J Ja.^yLa 

1979 j_l>3 4w^pL jJa_va'yI jLo—s'yi d-> 1—^*L-^-a_} \_l_-_5_JI o^_1 _p y-*^ 


yyb>Jl iwJa^Jl Ojly- y-y Ja>IJ>cj! CUbo ^yJl t J y>->Jl Oj>*j oLpIscJi^AJ 

ol (w-j>c^3 (. ^ yyj>cJl twJaji.ll (1)15" 1-^U • JjL*J| ^3 Aj>-j.5 0.42 _j 
C 2J-o Jj 23 c *>L*_9 ^j Ls l2-kj .y>t-Jl jJj>- y 3 ^3 o 3 Ljj ^lp 1J-^ 

(wJaJLlI JwJ_>- *U>c^a_va d)l <. v j yjjjJl *L^PLJa_ya^ 1 jLo-^'yi CbL-wo J-3 


. ^cJJi yjs wbys jLbft (jy^j (1)1 (w-J>o ^JlJlj^ L A.S"LowJ J^y ^yyL>Jl 
twJaJJl y jJj>- a^jL/? <jL a^pLJ a.^1 jL^'yi oLjU ^^Jp ‘Lbja oUJy3l 

. tw->jJj (1)1 ^y 5 'JJj t yoJj yy>Jl 


J-*j La AJjjjI ^3 ^yyj>Jl (_Jaji.Il U^P jJj>- Aj>c-jLsA’ ^Jj ‘_Jjj 

^JjIjjI yJy bJL )j .y>cJl ^Ja_^j ^jJLww« (1) LyJJl y* JjyJl ^3 j-wjj c AjJ-Jj>- 

^3 J 1 (. wLJj>J1 y>Jj (J^wa*- t ^y yJ>Jl (wJaji.ll u^P ^3 ojly>Jl Aj>-j.5 

£_jLcJ| J 0 j-2LoJl dJ 1 JwoL*_J 1 jL^JaJ 1 2 j& LJ .^y yL>j! 


JaJLll 


oUaa>-*>Jjl JjJj . yy>Jl (wJaji.ll ^3 ^IbJl ^3 C2 j>cJ| L&jJy yJ 1 JjisljJjJl 

(wJaji.ll ^3 ^JcJl JajJvj ^3 A3 d)U j*S> 1 2)1 J-J->Jl v_J ^3 

^ yj>Jl (wJajj.ll ^3 Ja3 JvJ d)l ^lp J^b Lojs c 1957 ^>lp J)jj ^yyb>Jl 

^y>Jl (w3*^\_*Jl _jl 1 y-^ 5 ^ ^Ja-^ ^yLwvJJ ^JjIjjI yj> (w^jIj>cj 




wbJj>cJl (waLw^j! (JIjJa> J 3 


^ oij . (1400) 199 8 j 1976 ^ syu oji 

c Oj13jj jl < 2 j UaLo J-Jj>Jl aJ y>- d)l ^yyb>Jl (wJaji.ll ^3 ( y>jj wbJj>- Jjl^-^“ 

d)l JJ • •*_^Lva-oJl ^JjJL (w^jLSJj (1)L J-Jj>JJ i2-LJ 


P. T. Doran [et al.], «Antarctic Climate Cooling and Terrestrial Ecosystem Response,» (1396) 
Nature , vol. 415 (2002), pp. 517-520. 

J. C. Comision, «Variability and Trends in Antarctic Surface Temperatures from in Situ (1397) 
and Satellite Infra-Red Measurements,» Journal of Climate, vol. 13 (2000), pp. 1674-1696. 

A. B. Watkins and I. Simmonds, «Current Trends in Antarctic Sea Ice: The 1990s Impact (1398) 
on a Short Climatology,» Journal of Climate, vol. 13 (2000), pp. 4441-4451. 

Wingham 2005 (Univ College London) Earth Observation Summit Brussels, Feb. 2005. (1399) 

A. J. Monaghan [et al.], «Insignificant Change in Antarctic Snowfall since the International (1400) 
Geophysical Year,» Science, vol. 313 (2006), pp. 827-831. 

I. Joughin and S. Tulaczyk, «Positive Mass Balance of the Ross Ice Streams, West (1401) 
Antarctica,» Science, vol. 295 (2002), pp. 476-480. 
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Ji c ^ LLoJ 1 A^Pj 

~ (1402) 


rCipl ^Jl C ^JaJiJl ^3 4iU>Jl 

(1)^JjJl oLjwuLoJ ^ jj\ c>c-w^l 


^JajjJl ^3 0^JJl ^3 4 jJj>c-<J| LoL o~JJ 1 ^1 ^<Jl JLj*J^>I 

Ojj.5 J-Ja ^j*> cJl twJg^Jl j-J> J-Jj>- 4 j>c-oL^ 3 £^>-l^ CJ-*3J ^5 jLjJ jJj> cJl 

^lS'Low^ cj j -*-*—i jJLJ ? Sj>- j ^JJl L^_9 .^Lp 20000 ^_>c_> (J^-^ ^j-w*“Vl J-U^Jl 
c-JajJl ^ jZ> jj^ oU ^j-J-Vl J_L>cjJl ojj^ Jllo *>LJ»3 -uUJl 4 j>«^jL^3 

• Jj ^^c»J I ^T 1? * a 1 ( ^ ^ y*-***A ^ ^ 3 ^ I 

oLvi-o jjj>cJl twJa-4.il wLJj>- as>z*Jls< 2 ^y* 4jjJl>JI jLs^-Jl Cx^ 

Jij .jJ>S I jJl^JI A Ip 74,000j ^Lp 20,000 JJ U ^ ^Sfl ^LiJl 

JJo—Jo ^_3 <j2^wo-_*JI 0JwoJl ^*LJ ^_3 4_j^_3 dj|^L)j £_>a CJLj^-jJ 1 0 J__k CJ-1 >jI^J 

jJl^jJI J*>U>- jLo~J> ^jb j\y>» 0j-w2i oljJL9 

Jj C jl4j>c-Jo 4jjJj>J| JUa-cJl ( /^jj Jw**}JJl 0 J-& (1 )Jj 


(1405) 


b~V\ 


.|jj>- Ojl> Osjl OJj>-j 


o J_P 




\j (Ross Ice Shelf) ^jj 


jJlp- Jj ^b ojl y>x .Jl ob>- v 


jLS 'j Cj 


JJ- 5 


I JjJ 

(1406) 


’J* 


^^J-P cO*yi 4 j jjja CjL>“J^ 3 ^Jl 2 __> Ul *L*_jL<J| ^j«JwJl J*)J“ 

385 ppmv .j ijlija c300 ppmv J y £&jt (J (^JJl (jyd\ C0 2 Jl ^-PjJl 
jL^SJ'y B j (Larsen) A cJ jij cj-s^ j_>o Ji j / 1407) ^ ^J| ppmv 

Lx_vfl_) j^jJI o^LpJj jL^SL'^/I <2jJ^>- Lo-jj^ .^>Lp 5000 ^_^lj- 3 * - 


P. T. Doran [et al.], «Valley Floor Climate Observations from McMurdo Dry Valleys, (1402) 
Antarctica, 1986-2000,» Journal of Geophysical Research, 107 (2002), doi: 10.1029/2001JD00245. 

Be 10 and Al 26 ' (1403) 

A. Mackintosh [et al.], «Exposure Ages for Mountain Dipsticks from MacRobertson (1404) 

Land, East Antarctica, Indicating Little Change in Ice-Sheet Thickness since the Last Glacial 
Maximum,» Geology, vol. 35 (2007), pp. 551-554. 

S. L. Kanfoush [et al.], «Millennial-Scale Instability of the Antarctic Ice Sheet during the (1405) 

Last Glaciations,» Science, vol. 288 (2000), pp. 1815-1819. 

C. J. Putse [et al.], «Ice Shelf History from Petrographic Foraminiferal Evidence, (1406) 
Northwest Antarctic Peninsula,» Quaternary Science Reviews, vol. 25 (2006), pp. 2357-2379. 

I. Joughlin and S.Tulaczyk, «Positive Mass Balance of the Ross Ice Streams, West (1407) 
Antarctica,» Science, vol. 295 (2002), pp. 476-480. 
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2 _*Jl ^gJl c_3 j] j.^2.A )' J^sxJl ^_jjLj *^-3j t Oj j-3 

/ ^ OljU £-^2j C ^Jcs^aJ 1 

‘Ls-J^i ^g3^JL)I c_-oL>cJl ^Lp 1998 P B C-3 j -AJi3 jJL) 

^3 ^j->-l o jA 1-La <2jJkj>-j .xJl>J 1 1 j-^-S' Ijl-lJLa <LojJ->J| 4^_la_aJl o^_>Ja><Jl 

ol L)^3-\ a/?.j ^_g_L*_>c_3 ^*}Lp^/I L)L>c-wA .2002 y*j La /jH 

^Ja—*< ^JL—^3 ^-o-JLp ^LLjI iJLwA L)aJlj c <_jj-Lj jJ^>JI iwLlaJLlI 
. jJ->c_)l c_JaJL)l ojl ^j>- *L>-j.5 ^3 P- * 2]LwA .^_>c-Jl 

j-^S* 3-Lp >-LL—ow— -11 B J—L>- <. 3j t-li-SLij c ^uL-l L—$-3*- 

( Jw5L*iyj tjLiol 6 LgJL>-p ^Ju <u.oL>- 4 jL-^»p ^4-Ls^al Oj>tX3j .L>J—L>«Jl cJL>cJl 
24 o-Uj g-LwaJi <uxj jj> -L*_i <-_a-waJl L> L^j L>j-UJl cJL->cJl *—xj L)l5"j 

t ^_-_}L>tJl jL^SLMl olS”j .Li^l L 93 ! Ja— j>c_> 3 c^ljLo^ c ^3 4_pL-*> 

tjlocJl ^_a j»Jj>cJ| ^4-Lva'yi ^baj^ 

1-La . L-UUJl Lp j-oJ>c-o-)I LjjI y* ^y* f-y>- y& J—L>cJl ^j\jLs<2 JJt3 (jL" -A-A3 

L—-L*_> c 2002 ^j.-Ja_^v-p1 / >I ^3j • t '—SL-aL_o -uUJl ^jLLv? 2)| ! 4_3j_*_> ba 

j >-tj j—jj>- 2)} i —*>l d^Jii c la.asB -lJl>- k_3j ^ya jL^ji j-^-*^>' 

4^ji Ijlp Lo c j^LloJ! ^3 1999j 1979 L)bS" ^jjJ->cJI ' 

^ ^ 3 —JI ^ ^ 3 ^.. 1 -iJ JlajsJ I *Lojd->cJl JajiJl 

. ^ jA jZ*oyl*S 0^-L> 2.6 j! jJLoj 


4_^_^j ^jJl -uJl>JI ^JLLva j_a3 ^_p A-ojl_^Jl^ *l^pcijL*_ 3jJJ Lst)L>- 

cIjLp y^J>c-^3 j^a\j ^jjl j_>c-Jl ySL*~~& 

\ ./? jLwo iSljw* i<uii 1 4_™jI_J| jUa—1 

^w—lg-AI' -LJl>- -Lj-L>cJl] ^g-PL2a.yaI 

27 ± 29 _j aJl>JI ^jLLs^ 5 L)i 2r^ ^2003 ^Jl 1992 ( /^s jj->cJl 

^3 IjJLo-3-Ls 0.08 _> j^>c_Jl ^la *a» (_£ jJL-vw« ^jL^j Low« c ^3 ^j_la 


<Lw*>ljjJl o-La 0-LiL*J ^4do^/ olia—>c-oJl ( /^s oL-oJl 


r 


Uil 


C. J. Pudsey and J. Evans, «First Survey of Antarctic Sub-Ice Sediments Reveals Mid- (1408) 
Holocene Ice Shelf Retreat,» Geology, vol. 29 (2001), pp. 789-790. 

D. J. Wingham [et al.], «Mass Balance in the Antarctic Ice Sheet,» Philosophical (1409) 
Transcactions of the Royal Society, A364 (2006), pp. 1627-1635. 
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yA ^3 51J t (3 J-^ *-CJ->- yA ALoJl ^3 85 

^jLjLyg AJLoJl ^3 72 -J jJJL> (^3Jl ^J j_L>cJl iwJa-flJl > ^_P A>c-^l2_v2 

j_jJ_ fl_iJl oLLo- ^L*J 2)1 t^_>e_j (_£jJl ft—^j-oJl aJ|j .^l^pLaJI aJu>JI 

cjl^>- 4 _OjI <Zj 1 J_Ij>c_>3 (1)L> j$ ^y* jJJL^Jl ^>c-Jl a^A jSL*~a £^2j‘A^ jl^cJl 

Jl\y~ J\ t (141o) 2100 aU J^Jl^ ]*2i olyUJC^ 5 xJl>J| UaJ>!j L_JSll 



» J^gJl twJ yA CO 2 —il^ OjlA5 ^j 3 JjP a!^ 3Afl C-’lJ«J wL^- ! 28 

CO 2 —Jl c~*a-a j»Lp 14500 Jb^s Oitaj! SjlJ-! 4 ->-j3 j! aLw-^3 C aJLJ! J 

jlj .SjlJ-l 4 j>-jJ u jjJbd *^l CO 2 —11 J ^a^j-uJI otaLJ! jlj .j>lp 14000 Jl^>- 
0*LA ^ ^-*_P L>jlIjlCO 2 —U (jL%M-»^[l ^1 <j| aJ»jLaJ! A-w^?^ flJl 

Sjl a>-j 3 ^Laljl CO 2 LpLjJj! <jl J/uIj ^Jl oUl—Jl 

oLIp (Vostoklce) ii y ^>ji jJl>- c_JJ aJj^I o^Li^Jl cJlo^c^I JiJ 

(1)| 3 jJjj 4-Jj^l OL^bCJL^i'yi J .^j-JwwvJl <1*>\Sa ijJz *-Jl L^-yg-*_> ( j_P l.g l,yg,.Aj 

^0 ^j^Jj .aJIp ojl^>- oL>-ji J| (_£^1 (.5j- : Jl ^-3*A-*-!l Jl*Jl CO 2 jJ 
j-Jj>cJl c_^-U ^Lp 250000 ^Ju>c_*-*> 5yhs* ^^Xa j ^—■ 


S. Raper and R. Brathwaite, «Low Sea Level Rise Projections from Mountain Glaciers (1410) 
and Ice Caps under Global Warming ,» Nature, vol. 439 (2006), pp. 311-313. 
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ojloL>ji ol t jj_Lo *l_3 j_Jj>- ^JJ ^Lp 35000 

j! VI , (1412)(1411) JU C0 2 j»U 1000 Jl 400 Jbu L^- LUII 

Jj>-I j d-oUl ^ jL>Jl c_^JajiJl xJj>- iwJ ^jUaj 4ju Ap- 

I J-& J-*_i ^l»P 800 ^Jl 200 o^JL3 ^3 wLjI^j CO 2 3^" J* ^ Ojl^->Jl *L>-jw\J 

cJlS S^Vl j»U 420000 Jl J*>u~j . (1413) "o J l_ r >Jl J iJi^l ^LL'jVI 

^LojI ^«JL> CO 2 J^ j-^j- 3 C Sjl^j>cJl 4j>-j3 ^3 0 dJ .Jldk 

( jJl jL>c_>! 0j-X 3 J_*_> k. A 3 <Ul j t j»l_P 800 ^Jl jJ>- J-*_) e-l j_gJl ojl j->* 

^3 <C^j o3jLJl oL^Jl ^3 UL>j3 ^xS"1 CO 2 Jl (1 )} .J <• 15>-IjL« 1J-& ^j-vwJj . CO 2 Jl 

.A^ilwJl oL<Jl 


jJj>Jl ^JajJl ^3 jJl>J 1 <^JJ 1 J^wjj J-Jj>Jl ^k_*_> 

5_k_^_ a _ 3 t (European Project for Ice Coring in Antarctica) (EPICA) 

c.Jgj>-jJ JjJj .^Lp 800000 J*5k- 1 ^3 ^jJ>-l ®j-k_> ^ C <u_Jl c Loj jJJjJ 

ojlj3>- d->L>-j3 f-L_) olpl C-oj Li” . 41^3 jJ Ij iwUkJl d3j-^JJ olJj3 4«oL oj 

(jUdwoJlj CO 2 (_£ £_>3 Lo 

(1417)(1416) 


, k A,ll 


C0 2 Jlp (1419 > (1418 >^ oL-U oj5jj 

( Jl^_ 3 j ojL^> aJjLoI dDJu o j-oj .J-Jj>JL> ^jai j^j>c_^J I jwJiJl c-lj^Jl Ji 


H. Fischer [et al.], «Ice Core Record of Atmospheric CO 2 around the Last Three Glacial (1411) 
Terminations,» Science, vol. 283 (1999), pp. 1712-1714. 

M. Mudelsee, «The Phase Relations among Atmospheric CO 2 Content, Temperature and (1412) 
Global Ice Volume over the Past 420 Ka,» Quaternary Science Reviews , vol. 20 (2001), pp. 583-589. 

N. Caillon [et al.], «Timing of Atmospheric CO 2 and Antarctic Temperature Changes (1413) 
across Termination III ,» Science, vol. 299 (2003), pp. 1728-1731. 

C. Kull [et al.], «The EPICA Challenge to the Earth System Modeling Community,» EOS, (1414) 
vol. 85 (2004), doi: 10.1029/2004E0380003. 

L. Augustin [et al.], «Eight Glacial Cycles from Antarctic Ice,» Nature, vol. 429 (2004), (1415) 
pp. 623-628. 

U. Siegenthaler [et al.], «Stable Carbon Cycle-Climate Relationship during the Late (1416) 
Pleistocene,» Science, vol. 310 (2005), pp. 1313-1317. 

R. Spahni [et al.], «Atmospheric Methane and Nitrous Oxide of the Late Pleistocene from (1417) 
Antarctic Ice Co res,» Science, vol. 310 (2005), pp. 1317-1321. 

D. Liithi [et al.], «High-Resolution Carbon Dioxide Concentration Record 650,000- (1418) 
800,000 Years before the Present,» Nature, vol. 453 (2008), pp. 379-383. 

L. Loulergue [et al.], «Orbital and Millennial-Scale Features of Atmospheric CH 4 over (1419) 
the Past 800,000 Years ,» Nature, vol. 453 (2008), pp. 383-386. 
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1 180 ppmv ^y> Jl C0 2 j»Lp 650,000j 800,000 

Asjid y* LdwJC0 2 —!lj ojl jj>z. Jl A^-j3 l)Jj .j-JcJ 0jl y>*]\ A>-j3 (1)1 

25 jljJLa-> C0 2 Jl L« ^3 oL>ol JIl& 1)15" 

JOo 15 ppmv _j ( jJ 2 jl>^>\ Aw 2>1* j>Lp 400000 ^Jl 800000 yo lyk JJ ppmv 

^j'^/Ij . C0 2 Jl ySyj Ojl^>Jl A>-j3 yj ^JJajijI JldA 1)15" c ^ y>-\ o.ciU 
o j_JL<JI Jj-^Jl JLlwoJI oLjjJLw^j 1)1 j_& LJj>- ^LS"')/! 

C0 2 Jl^ ojl^>Jl a>-j 3 d-J^o c cliJJJ .Aj^d*i Sj^3 20000 ^Jl _ 100000 

.^Ip 100000 y oljj^ 


<J j 


Xjla- 


1)1 ^y j_d>Jl (wJaJzJl wLwL>- 


olJaj>- *5Js Jwd 


(wJaJdl t._ JJ»Jj>- j-g-laJ Lodo C ^J^l od-& ^3 Ajljd* y jJj>Jl (wJg-Jl 

■ L5 JUl aJjI jjj ^LuJl j^Zj> aE^Lp 1 )j5J jJ ^JI ol y *~Jl jd>Jl 

^wLP ^^J-P ^ d->L*j2j^jJl ^j-oL^3 ^js i 3 j_*ULwk»l ^JJl C^LdJdAi^yi o J_& Jwbj 

i)\j • ^j j_L>cJl L.Ja2.11 J_Jj>- Aj>c-oLvaJ ^.SJoLJjwLJl 2)l_>jjJJ 
^Lp 1)j-Jjj 2.5 Jl JtA5>- IjjIj LvaLla-ol y j_d>Jl twJ2j2_j| <-j ^P J~J_>- A>c-J ■>/?) 
. jJ'J jd>Jl (wJaj2.ll J_Jj>- ^jL^yaJ A>jj 3 ol j^-xJ iildfisj .Aw/^Ujl 

c A*_91)jJJ 1)1 y j-L>Jl (wJaj 2 .il J«Jj>- ^jljJ^a oLJLj y> ol^wJj 

lS^ u^A' ^y J^J 

^wJw^A>w>^^^>J I ^ aJL>J| I ^ - la A 11 A^A 1 

Ja_sLww> d3 jlI 1)1 ^S '^Jl ^_LP^ . jj>c_Jl ^*c ,1a. j^xSLi 

^s* ^JwlaJl diSJUl ^Jr^d ^ jl^l>-Ml Ula 1)1 M} c ^^^ojlJl ^jJlJI 

jLo-*jdj| . I 33 I ^1 JLl& jjiJ 1)1 c-a- J-^-LJl 

JlJl>- ^ 3 ^3j) ^ ^^JJlj (Wilkes Land JJM ^SlLj) ^ ojl^J-Jl 1)1 jblI 


F. Remy and M. Frezzotti, «Antarctic Ice Sheet Mass Balance: Comptes Rendus,» (1420) 
Geosciences, vol. 338 (2007), pp. 1084-1097. 

G. Ramillien [et al.], «Interannual Variations of the Mass Balance of the Antarctica and (1421) 
Greenland Ice sheets from Grace,» Global and Planetary Change, vol. 53 (2006), pp. 198-208. 

C. H. Davis [et al.], «Snowfall-Driven Growth in East Antarctica Ice Sheet Mitigates (1422) 
Recent Sea Level Rise,» Science, vol. 308 (2005), pp. 1898-1901. 

E. Rignot, «Changes in Ice Dynamics and Mass Balance of the Antarctic Ice Sheet,» (1423) 
Philosophical Transactions of the Royal Society, A 364 (2006), pp. 1637-1656. 
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jLwjJ o!wLL>c^oJI ^ (Filchner and Ross Ice Shelves 

^P ^3 jJu>JJ 2)|jJi3 iil-LA . J-J-PxJl ^3 1 ^JolJLa OjLw»^>cJl 

(Bellingshausen and j jl^Jc^Ju jI>cj J jb ^^Jlp ^JaJiSl 

jlj .<L>IS JuL*Jl 140 o-bly ^jJI Amundsen Seas) 

^xJl C APjli I AjLwfl-I' olJ^i-P J" 0 Cl4jL^>cJl 

<_->L^vol ^3 oloJ_^J o}j .j jJL)I 

. ^ jl>Jl iwdajdl ^9 jJj>Jl ^1p Wj '^' 


oLwoJl £33 j+-A-l ^ j-^>c_)l c-^Jg-A-ll ^3 JL>J| j_A L»^S"j t ^JLo-*lJl c-da-fl.!' ^3 

*—- L? g— 11 t. >^_P ^_9 jl a jJL3 O—*—^_> A3 j .ojl0>-j3 

^udajaJl J^>- oL-oJl JLaJol oLjw^-wvjJl ol^LolxjJl ^ 

^->Lww*ol ^3 ojj •(£_/ >tj cJ*^->- ^^1^-lwVJl ^jUjJI <—3 ^Jl 

>LJ! 


(1425) 


(cj!10 J5) 4-0 jJIxS Ij j_oJI jJl ol j^xSj Ajz\^Sj3 


^Lp 300 ^Jl 200 J oljj3 i]L* cuJLSj .3yLoj c r J a JJ! tiJb 

oljjjJl oJjfc Ja-J yj <.( i. J oLw-lij ^tSjCx* 

c olla-^^<Jl j l y>^\ c-3^*Ji ^3 CjI j^Sj 4jLL*JL4 ^jj ^Jl oljjjJL 

^Lp Sjljj>cJl “'->-ji l$5 3~tj ^41 i_ jI j-»l 5jPfs-A jl . oLj>cJ|j 

SI . (1430) j>Jl ^ jUjliu JUAJI jl a429) ^uJl ^LJI 


E. Rignot [et al.], «Recent Antarctic Ice Mass Loss from Radar Interferometry and (1424) 
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E. W. Domack [et al.], «300 Year Cyclicity in Organic Matter Preservation in Antarctic (1426) 

Fjord Sediments,» in: James P. Kennett and Detlef A. Warnke, The Antarctic Paleoenvironment: A 
Perspective on Global Change (Washington, DC: American Geophysical Union, 1992-1993), pp. 265-272. 

P. D. Jones [et al.], «Decadal Timescale Links between Antarctic Peninsula Ice-Core (1427) 
Oxygen-18, Deuterium and Temperature,» The Holocene, vol. 3 (1993), pp. 14-26. 

A. Leventer [et al.], «Productivity Cycles of 200-300 Years in the Antarctic Peninsula (1428) 
Region: Understanding Linkages among the Sun, Atmosphere, Ocean and Biota,» Geological Society of 
America Bulletin, vol. 108 (1996), pp. 1626-1644. 

C. Baroni and G. Orombelli, «Abandoned Penguin Rookeries as Holocene Paleoclimate (1429) 
Indicators in Antarctica,» Geology, vol. 22 (1994), pp. 23-26. 

G. C. Rosqvist and P. Schuber, «Millennial-Scale Climate Changes on South Georgia, (1430) 
Southern Ocean,» Quaternary Research, vol. 59 (2003), pp. 470-475. 


369 



y^-^g ^3 .ilyL)l o>J_>o Low^3 j jJ^>Jl c—3gJLll Ojly>- C1 jL>-j3 

c>: ki 11 ^IlLoJI ol^JcJl oJ_a jlj . (143 ^(Millenial Scale) ^yDl 

(ji ijjfc y^oj / ‘Cw^j'yi (J^l>- Lgj'yig*- ^j..s/g, 3 1_> <dj^>c-ws^3 

C^ljLjjJl^ ^y jJ^>cJl (*_3gJjJl ^3 jlyL>-')l Li .1 »Lo-j <LoyS” d^-wvwJ ^yy^Jl ^IjwoJl 
1500 y> c_j J^*_i cjL-o—Ji ^3 d-»! j — x-j G ^Ja-^c-^oJ 1 

^lw^LoJI ^Lp 90000 —Jl (JtA->“ aJI O-i-o c^G_»> GJLj oGa (jjwo-£o J3 j . ^Lp 

*L>c-G^ 3 ^y llll j_JLoJl ^3 tcjLjwoJl yo 43*)^ Gl-LA O-J15" 

oL-y Ojli^ Jl5jJj .(Byrd) (1434) ^ j_Jl^ yj j c(GRIP2) jJ^^p 

IGa ^^y yJ>cJl twJgjdl J ^ ^Jj'^Ajj^P ^3 I jJlpxJI 5 Jj3 j-Ja Ojl yJl 


^3 O j_y_i 33 da Li>- LdoJ I (1)1 (_£y Lo-Jyj . y«lj2LoJl ^LdoJl j-y*-> y/g A J..J I 

. (1437) AJ*>L J „> Jlp aU 2000 _ 1000 Lj^o ^jjjj>Jl yjjJl 015 ^Ul 
dal^wfl dal j^x Jo iJy>eJo Lo^jj c **3jy*~« j*S* ^Jajdl ^a>-jljJl IGa ^Jw^gl d)lj 
yy>-l ^3Lo-> lJ3->j .*1 yj^'^/l Jg_>- ya yy jl *1 ydAi^l Jg_>- yp o3_^*_i ^Jg_^ 

LySG-> *)/ 4jl^-*JI ^^wvJJgVl (JLo~d oGa (3^^ (_5^ a ^ >c ^ J J 3 G ■—Jy^- 4 Gl y)-p 


^Jddoj .GLj 3 y>~A £li yo ^la>c-va yS"l yJgGs ^yyJgxJl Ja-a>c«oJl ( JJ>-wG jl 
( JjLa £.>-jLJl c *1yd-o^l Jg_>- yp o-C-*_j jiglj^ 4J_3JdJ yd-w3l daljjs 

(I438) i j c JaiJl ^ (ipLJl j j!) (Pendulum) JjxJl 


N. Shackleton, «Climate Change across the Hemispheres,» Science, vol. 291 (2001), (1431) 
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T. Blunier [et al.], «Asynchrony of Antarctic and Greenland Climate Change during the (1432) 

Last Glacial Period,» Nature, vol. 394 (1998), pp. 739-743. 

D. C. Leuschner and F. Sirocko, «The Low-Latitude Monsoon Climate during Dansgaard- (1433) 
Oeschger Cycles and Heinrich Events,» Quaternary Science Reviews, vol. 19 (2000), pp. 243-254. 

T. Blunier and E. J. Brook, «Timing of Millennial-Scale Climate Change in Antarctica (1434) 
and Greenland during the Last Glacial Period,» Science, vol. 291 (2001), pp. 109-112. 

O. Humlum, «Late Holocene Climate in Central West Greenland: Meteorological Data (1435) 
and Rock Glacier Isotope Evidence,» The Holocene, vol. 9 (1999), pp. 581-594. 

O. Ingolfsson, C. Hjort and O. Humlum, «Glacial and Climate History of the Antarctic (1436) 
Peninusla since the Last Glacial Maximum,» Arctic, Antarctic and Alpine Research, vol. 35 (2003), 
pp. 175-186. 

C. Wunsch, «Greenland-Antarctic Phase Relations and Millennial Time Scale Climate (1437) 
Fluctuations in the Greenland Ice-Cores,» Quaternary Science Reviews, vol. 22 (2003), pp. 1631-1646. 

D. Seidov and M. Maslin, «Atlantic Ocean Piracy and the Bipolar Climate See-Saw during (1438) 
Heinrich and Dansgaard-Oeschger Events ,» Journal of Quaternary Science, vol. 16 (2001), pp. 321-328. 
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oIjlU 


. (Spaziergang) <1)1 Ljjjl LJ-JlaJ Jl^> M 

c JL^JI ^3 d)LdLdu l $_>-jjj *y^_^j^l SwL^wsJl do 15 2003 ^Lp 

(1)15 . y±~a ^gl_P (^wdL>- f y (l^-wO^-*-* 1 ) (Thlin) (1)^Ulia^J (_J^3 

od^Jl oi>j L»J-Lp JojJaJl 2003 j»Lp ^^-3 >^-J-3 £j>4 jJ J_i J-5_>Jl 

o-id5j ,*lp 4700 LaV jdJl ^dp*- y# AS* y.*/2^a ^L^ai d*>Lfl_Lo ^P j^j j] 

Aj ^>cj>cJ! ojdfiJl 3j_*J d43jj>-j-* <>* oli» yt- J^*>Ul L y rj ]j 1 Sj S l\ J^*Jl 

<4d>- *y>- L^daj <. ^oLjjjJ| 4 '-^jj % yij {£y>j j5l j .*/?.*JIj t (Neolithic) <oJj>cJ1 

^j_>wLJd> ^ <1)15 JJL) .^ gJa **> jJl jj_v2_*Jl j|dLgo ^3 y*j ^j-*o 
<1)15 <jl Jj 'yj .^JVI (Jlo>- ^ oJ^j jd* j UL (Shnidejoch) 

j»jJdoJl JaP (_£^i>-l Olijl y j c d>l^dsJl o^13 ^5 J-J->cJl y> UL>- 

do 15 (._JVl {S^J dlJ_L>c^5 (1)1 ^^*1jJl Zy • 6 d>-j-5j*yi d>l3jj>-j^oJl od-A 

c 4 JL 3 I 3 d»j! ^3 L*_sL) LjL>cJ 15_>jJa <1)15 ^-j_>ddd d)lj t^^-l yj ^JJ5 ( y 
jj-oj oLj>-j cjjLv*JIj ojL>dJl ^3 jj 5 jj! a} (1)l_5 ^LwoJl j^z olj 

t dildJl ^Losj'yi loloJ <C~a\ y?js 0 3 J-doJl ^-j_>ddd olijl (1)1 

d4jl ^_d>~l ^g_3 do5jl (1)^5s_> d3 ojl^>cJl d>-j3 (1)1 y* y£* jJl ^g_l_P aZ*)J 

yyj ( >J5j Ojl^J>cJl yo o^5 <d^5 d_L>Jl (1)1 *yJ t <5 jLw*» 

.jJlpJI (1)L>j3j jl^>-^1 yj ( Jwali 


(Ghiacciaio del Calderone) yjyZ JL5 J 3 jL5Lw>cJ jJl^j JjJ 
ojL^J- 1794 j»Ip jcoa oi^ 2 ) (Apennine Mountains) yy> 1 JL^- 

lJu&j , (1439) 1990 jLji jl5 y 1 1884 ^1 1794 yo iyk, 

J_Ldo (1)1 t j5s-00 'y J L ^-X-yg-11 ^dJl^Jl j-yg-xJl ^g_S Owl> Jw5o>c_L] (jljLLflJl 
Id —a . CO 2 —U jL^yi oljlwLval ^ddvwo-Jl lLoJ->cJ1 ^y j5sJl jl yi^-^Lj 

. o->j3j (1)1 (Mont Blanc) o^L d)(J^° ^ c5dlw\Jj>c^ ^2>_s yj 


M. D’Orefice [et al.], «Retreat of Mediterranean Glaciers since the Little Ice Age: Case (1439) 

Study of Ghiacciaio del Calderone (Central Apennines, Italy),» Arctic, Antarctic and Alpine Research, 
vol. 32 (2000), pp. 197-201. 

C. Vincent [et al.], «Very High-Elevation Mont Blanc Glaciated Areas not Affected by the (1440) 

20 th Century Climate Change,» Journal of Geophysical Research, vol. 112 (2007), doi: 10.1029/ 
2006JD007407. 
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c—> wA-JLs jSS *)I < olJ-L>^ d)l oJw^j>c_]| jLL-Vl 

ij-L>t>s 246 _J 1995 _ 1946 5 jJIaJI ^9 ^y* oLaJ-Lj oLo-l yzS obaLi 

_L _>- (l)bj3 j_>c_ 1 k '“"'_^^ oL_>c_il y£* 4_^a^bp .tiL_A j 2)1 

IS' 1 (Jl—o—<*j c <uo^J<Jl Ljjjl ^3 aJ oL*LLil cujL5j .^ ^J_>l^)La 

t j-^ s yy>-\ a!jj>- 1 ^3 ^oL*Li cuj jj>-l jJj .ILL* ^jLs j-wJl 

od_A (Jj^JLwaj t 4 ^>c_Ij jJLz>-j CjIJ-Lw^j oULJl ^^-Lp Jj-ys2J>cJl «^3LJl 


. J_*j ^jp jL_*L-w*l oLLjj (Geodetic) 


<lJ LjJj 


r 


oULJl 


jJj . a_L*_aj L -Lw^JI-j ILa j ‘Ar*=~ L> < >jjjJ C jaJJLj oIjJl^JI £J>“1 

jj»J (1)1 C Ojljg-cJl Ag“j3 ^*j 1 jZ»ya A* J_4j jl J»L>c-<>Jl £4>“1 j-> (1)J^> 

Ojl j->eJl Aj>-j 3 ^Jl l la - -S.V-J I j^yja o jj j-^aJ L j-jj olJ-L>^Jl 

2)1 ( /^5L-> ^xJ! 10wL)ljjLoJl oL jjJl cjIJwL>- olJ-L>c_x>Jl <—.o-j wL>&J 1 

4_>c-jllS LwLLj>- *")/Lj>- (1)1 cjIjJ->c_^-L] ^_SLw>j < Li^l *ll«j1 (J*5\J>- L>J->c_j 

^L.J'yi Ula . (Plastic Flow of Ice) jLl>JJ (^JaJl) jaJJl ^L~J*>\J 

.^j-Cw^Ll cJ^I ( J^--9 olJU CjLL-P ^j-a ^LL)J c Ojbj AJLsb <CLajl ^3 (l)J_Ul 
^^Jlp LLipI ^jJl J*>L- ^-LJl ^JcJ (Clodiness) ajJ-L^JI cLL>Jj 

LjJajJlj c oLjLl ^3 ol j-LjJ LS” .L^_pLJjIj t L^_*3 y*j c Lg_l_SL* 

V_JV1 iS^J Olwli^a (jl l ^_^-£' (^w\_L>cjJl ^3j-ojJl JwLjj .^-LjJIj 

Uajl Ijl1 (1)1 j*£- .<C^> A^Ja J»*j (^>LJl ^9 4 j4j>-j 3 0.04) ^^*Ll jl^>-^1 
j1jL>c^oJ1 1)1 ^LLcj^I ^9 (wLpVl wblj)Jl ^a (^bJl ^9 L^-a 0.01) 

j>L A^-a wL*j A^-Ll ^9 20 ^Jl 10 jI-Loj L^oJ>cg»- ^9 JaL ^/29 


(1442) 


1 1850 ^Lp j->tj ^j./?LiJL ^JL*Jl ^9 a^*^o jJl <_JVl iS^J olwL>c-a 

l)|j . 1940 J-*_> j^ojJL Lg-yg-^_) 1 J->j c 1940 ^^Jl js>- ^a_LLl ^j_p 1^4. 


lJb 

<—43 jj J 


(—Lajlll ^9 lj-L>c-a 18 iiLAj .1_L9 j JL-Ll ^Jajdl J-Jj>cJl (JLcjs 

j_La L^>cJ>- J-49 L^a A^oJl ^9 80 ^S”lj C JgjJ>c_L ^jjLj aJ ^JL-*lJl 

.jJ*^c 2 JI ^^lLJI j^2^Jl 


R. J. Braithwaite, «Glacier Mass Balance: The First 50 Years of International (1441) 
Monitoring,» Progress in Physical Geography, vol. 26 (2002), pp. 76-95. 

J. Oerlemans [et al.], «Modeling the Response of Glaciers to Climate Warming,» Climate (1442) 
Dynamics, vol. 14 (1998), pp. 267-274. 
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^ (Furtwangler Glacier) jJbbjJjji jJu>^ 

c jb^o^/1 (_£jJl jbbl jl^d>-*yi aJjJLI (1 5895 4_pLjJjI) 

jl . 1880 p ^>b5" 2.2 ^Jl Uo jjs \ j_b S 12 y* jJLS"! ( /^s 

<jwLbj>- L^Jj *u>c ya i3~y^ a j j- 2 * jj 3 3J-L>c_^ 

(Lag Factor) ji?bJ Jw*bJ> ^jJu>JI jlj .l$d>lgJ ^ ao y*s* 

*)I J . 1850 ^l_P ^_^2ol j-y2-*Jl jl jSjjL> (1)1 Ll»_Lpj t jb^li 

(1)^JLlI ^3 CO 2 —LJ jb*u^M J-3 ^/2 _LdJI jjib (jl ^^o-> 

^Jl bbjd . 1880 p (JbpxJl <4 oiLL>- oLj j-a jl c^Ju . ( /j_>j_JL*Jl 
(Sublimation) ^Lob^l jl jj-*~< Jl ^ jl tdiJS 

yo wUb>tJl jl JJLd <b*^u ^Jl ^Jw«lj^Jl j-Aj t <4 j^Jl ojl A^-j-S c wUb>cJl 

^Jl L^-pbbjl ( Jw 2 _> J-Jj>cJl ^j>s (Blades) <Jb* 2 jl ^Jbbuo .A^Jg-aJl olJ-L>c~<>Jl 
^JJLj (^bJl ^ a / ox ll oL>blj ^-JiLwoJl ^^.m^-aiJI ^4_*-dj/l aS'(^ dJl ^^LdJb 

• J ^ \s 1 1 b)_*P 1 ^ ^ Aj AL*,^ 

wLwb>tJl jbj3 (Jj-o ( Jw3l u«>i jJ jjb>ob>-jS" ^3 cbbtJl <4j-^Jl 

jbjbJl <Jj_*_^ L^bj c jlj^jJl -P y> (Jb>- ‘-C_L>cJl £33 (_ 5 ^bJbj (. ^.bJb 
y L^Uj b_>^-wo Lb>LL>cjl c 2 oIS" ^Ju c <dJgj tuLo-p jJJj ( /jSb .o^*i^)Jl (J 
(Land ^s^j'yi ^^*^<>Jl boj t jJ^s- ^^bJl j^Jd 1 bl^_} ^3 b^j>sJl b^Jl 

iU>-bv^s ^0 tCuJl ^3 21 j->o ^ycb-1 JJl) / ^bi>cd»Jl ^Li»jNl ^^3 Clearing) 
^Ip 3l^o^/l 0^13 ^.i jl5 Ula jl ^p .1976 1953 j>Lp J-Jl>J1 

^JbJl jl^>.^1 ^aLo c 1979 ^ Ip j^o JoJUJl gAji iLLJj 1976j 1940 

.^jboLo-J-5^ ^j 2 j y* ^3 wdb>cJl j* 1 ^ 

y^Z J . O^-Awb J b J-Jj>cJl jl Jjb>e_)b>wbS" 0 L*j2j ^Lp J-Jj>cJl ^JjL jaaJ 

l]ldA C-olS" AjI ^ ^jjb>bb>-j5" ^3 wUb>Jl (_J ^3 ^jULj jLbbJ A-wa*1j3 

3j}j .(cwb ^Lp 4000 j 5200 c8500) ^LoJJ ^y>-Ljj ( /ys olojjb 


W. C. Mahaney, Ice on the Equator: Quaternary Geology of Mount Kenya (Sister Bay, Wis: (1443) 
Wm Caxton Ltd., 1990). 

G. Kaser [et al.], «Modern Glacier Retreat on Kilimanjaro as Evidence of Climate (1444) 
Change: Observations and F acts,» International Journal of Climatology, vol. 24 (2004), pp. 329-339. 
L. G. Thompson [et al.], «Kilimanjaro Ice Core Records: Evidence of Holocene Climate (1445) 
Change in Tropical Africa,» Science, vol. 298 (2002), pp. 589-593. 
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UAl JijJAJ o*>U (.U 4000 J\ 11000 ^ <J* J\ iJLySfI 

oLS"j . (oljjjJlj l ciLjoj_-_5vJlj t ^j-^wvJL5sJlj c d)lJ>-jJlj 

.(Precession j\ ^JiiJl) L y>j s ^\ jI~Cj l^mo ^ ^ 

|j-A ^_s ^jL> c_jL o—^1_S” J—J->Jl oLS" 

(3j-s 100 j!jJL<>-> <. oo j_a aJj! jjL^ s y I 4 -JL>j-3^ 1 cj!^^> c-Jl 

17.000 j_>c_> ^y 3 5^cdJL>cJl cjLj 

Ol5j ;a448)(.44; ) (1446)^_^ J1 ^ ^ 330,000 

^j-Jl ojlJJL* c_4_*_v2 ^1 ^4>- LJLjil (3j -^ 1 l 3 j 3 jJa^oJl (JjJaJfc jlJJL* 
c-s/ 2 ^ ^Lp 5000 6500 y* <loLj o^jls d-oLS" ‘dJLj^i'yi <d_I^^Jl 5 

oLjJd^a O j^XJJ l y* 4->j3?j jZS\j clr^ j->Jl oLS" L«J-Lp 

.^Ljl y-*J ^3} d L>Cd*>l OUUl J ol j^>c-Jl 

^yj L« 3^^ iS^ ol J-J I j_A ^IdoJl 3^l>- 

g-ijj>c-va-U <Lj>IwLJ| t j j-5dJ c ^Lp 5300 j^>=3 3 ^ 

C j*Lp 4000 JJ>xlJ 3^ jUcJl CjL) yd-O C-A 

( /j^S 0 yy^ AJlAz-) I j_& 3^J .L>-L>J Jg-JL J1J C-4-^-lj ^ jj! C_3j jJgJl 

jj>cj 3 ^ olJ-> jJ J-jwUiJl <^_3L2_>cJ! ^0 lys <jli t jjU^jUJiS j_JL>- ^3 jLJ<Jl 
j LJLjil jLo-J* j»Ip 300 (^JJl ^iLL>Jl IJufc J^p Jij .j>Lp 4000 


J / ^j_>C_£j aJJ>-|jJ| d j-jJl 


)\~j2J>- CJ 


(1452)(1451) 


Lw^ii y&j tdji 1 LjLj3i 


F. A. Street and A. T. Grove, «Environmental and Climatic Implications of Late (1446) 
Quaternary Lake-Level Fluctuations in Africa,» Nature, vol. 261 (1976), pp. 385-390. 

A. T. Grove and A. Warren, «Quaternary Landforms and Climate on the South Side of (1447) 
the Sahara,» Geographical Journal, vol. 134 (1968), pp. 194-208. 

F. Gasse, «Hydrological Changes in the African Tropics since the Last Glacial (1448) 
Maximum,» Quaternary Science Reviews, vol. 19 (2000), pp. 189-211. 

F. A. Street-Perrott and R. A. Perrott, «Abrupt Climate Fluctuations in the Tropics: The (1449) 
Influence of Atlantic Circulation,» Nature, vol. 343 (1990), pp. 607-612. 

F. Sirocko [et al.], «Century-Scale Events in Monsoonal Climate over the Past 24,000 (1450) 
Years ,» Nature, vol. 364 (1993), pp. 322-324. 

H. -J. Pachur and P. Hoelzmann, «Late Quaternary Palaeocology and Palaeoclimates of (1451) 
the Eastern Sahara,» Journal of African Earth Sciences, vol. 30 (2000), pp. 929-939. 

F. Gasse and E. van Campo, «Abrupt Post-Glacial Climate Events in West Asia and (1452) 
North Africa Monsoon Domains,» Earth and Planetary Science Letters, vol. 126 (1994), pp. 435-456. 
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y* y jL^Jl Li” LoJlp lL& ^iL>cJl 2)li" Lo-Jjj 

. (1454) 


(1453)„ 


jr^ 


jj+-^\ cJLo-ji ( y jljliL-l jlL^o 

j ond->..v/gi a~} j 


JjUoUJlS J^Aj>~ 4j>c-^Ls^5 C—O-J 

j j U>t_> L~Ji" ^3 aJl>JI o'yUfc^s A^>-l ( JlSLzJj c‘Lwv^LoJI 4000 _Jl yj**~] 


^jJLJ ap j-wso £_>-l(J^>- oIjJl^JI ob ^L*Jl y?\yS^K J L9*}L>- 
jjL* 700 jj^JI ^3 j jS\j\S JL>- y \ y* ^L5 74 a) j_t ^j_>-Lw*< J_L>c_^ 

^j_L ^j>-I y> ^ AJLxJ I oj . c 1909 ^Lp 1862 ^Lp ?•!Jjol 
oJu^j JJj .(*jULl> Nj *->-l yo N jS/l jlU^JIj . 1958 ^Lp 1929 ^Lp 
L»U- J OjjJj>cJl L^P ^3 I^jLj C LJL jilj *• L" j~*\ y LjI y-^M I Cj| J_L>e^ 

£_>-l ^ j-L_v 2Jl <^AJl>J| j-yg-xJ' (J*}L>- ^g-v^3 *y 1 LaI^Lo ^Jl t Aj^j^M 

j_ 7 ~J| ^ (Quelccaya) LISCLj5 jlL^o £_>-I^j , (I455) j ^p ^.LJl j^JLlI y^ljl 
^3 80 ^3^1 JjW 0 L-Ji” £_£j^ £3>-lL~^9 t AL> Jj>tJl OljJwwJl ^3 AP 
c 1963 j_La ajlLI ^y 40 _> Ll^S" ^-aZy* jJl>- f-Uap j c 1912 j_La ajlLI 

CjSyZ Li” .0 ^Ip ^3 CU~JI I^JIjJl^ yo A*_>jl *}\jj^3 OJJz3j 

aIp 2)L>jDl ^3 LLj c L*jI^^ i" UlJ-43 ^j_>cl)I oLj^ojIj c^LjwJ*yj 
^3 lA^>- iiLw& 0^-5" . O’ I J-L>c^oJ I y2-*-j Lo-Lo c 1970 






(Novaya Zemlya) LJu>j ^Ja-l)l *y'y>r jLS” 

O—i-3c 1950 c U^Lo ^ 1920 j~^ iS^j~* 

. ^wL5jl]L> jj_>cJlj wLoJl ©Lw« oIj_L>c-« olj-jj £7*"^^ 2r^ ®olJ-L>c^ 


H. N. Dalfes, G. Kukla and H. Wiess, «Third Millennium Climate Change and Old (1453) 
World Collapse,» in: NATO AS1 Series 1, Global Environmental Change (Berlin: Springer-Verlag, 1994). 

L. G. Thompson, E. Mosley-Thompson and K. A. Henderson, «Ice-Core Palaeoclimate (1454) 
Records in Tropical South America since the Last Glacial Maximum,» Journal of Quaternary Science, 
vol. 15(2000), pp. 377-394. 

G. Kaser, «A Review of the Modern Fluctuations of Tropical Glaciers,» Global and (1455) 
Planetary Change, vol. 22 (1998), pp. 93-103. 

J. J. Zeeberg and S. L. Forman, «Changes in Glacial Extent on North Novaya Zemlya in (1456) 
the Twentieth Century,» Holocene, vol. 11 (2001), pp. 161-175. 
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LUjj ^ *-lxJjlj i_ ojloL>-ji O-J^w^l t iw^LJl 40 Jl J“>L>-j 


JL>- oIjJl>«JI 


c j-qJJ oj~S JiUjjJJJ c^l5j .^ol LJ-aj 


Jj^jwJl ^3 J_L>c-a £_wj (. (JljL^Jl ^Jww^j ■ JjI^j ^5^ ^9 


Jl5 


(1459) 


(1460) 


^ <u->^ ^J\j c (1458) w.Ul loU 40 Jl J*>U- 

-^1 ^jJLo ^Jl ( j^> jAJl e-jjfcJl (_5^ olwUj>c^>Jl 


1 1885j 11968 ^»Lp ^3 oljj^ cJ^-^ djldij>c_>j olS" 

d—&3jJ L«Jdp) 1985 ^Lp £j> 4jdJl C5 -3 . 1917j 1898j 

d-oLS" L«j_lp d<>Jg_d» cj!jJls ol^->-^1 o!wLL>c_^JI ^wLaJj (oLI jjJl 

^>-1 jJJ Idj^^dvO I ^ (JSjJ>- J-^ dL>t>J ^jJb J . Aj y^a 8 Cd>tJ Ojl jj>cJl 

jJl}\ j >\^\ oL«j*)Ij ^-'f c —" } ^ ^L_p 300 ll (JtA-j>- \j\j- 5v-j 

iwJa.fl.ll t_™~j (Solheimajokull) J5 y>- LjI^Jj-x ^I^j _ (1461 ) sj^ljx^Jl 

^L^xjdAil 1970 dda d-o 15 Lo-do c 1940j 1920 ^wdLo-ll ^JLo—dJl 

4jjLfl>s j-dp ^sldJl 0^JLlI ^3 dil^ cd 15j .wbljdoJl ^LwvJ-cj^Ij ^d*>lJ 

0^JjJl d->LdoLow) d-od>cJl ^c->jldli ^3 o^J3 3 ^jI cdulS" Lodo C ^d*Jl <J^JLlL> 

^Lp 1100J C ^tA-woJl ( J^3 ^Lp 3000 I Jj>- di^Jl djLaJJij d-olS" . d* o-W' 

d*_i 1300 ^Lpj t^d*j 900j td*_> aLp 600j ^J^3 

^Lwvo^Lj o3 _a j_L*dJj . j-djd> ^Jl d>-j3 ojIjJL* ^1 j-d>l cdjfdd 

oLw« ^^3 dj| jJ tAd> j_p ^3 <jj_>cJl dj|j-^idJlj c ^oJL^Jl 

jj>c-Jl dJj>- l)LS" l>JwidP djl^dJL>Jl 4 jJ^Lw%o 1 cjLo-d Ja^>c^oJl 

. (i462)(Barents) ^ U^-lj 


C. J. Caseldine, «The Extent of Some Glaciers in Northern Iceland during the Little Ice (1457) 

Age and the Nature of Recent Deglaciation,» The Geographical Journal, vol. 151 (1985), pp. 215-227. 

R. J. Brathwaite, «Glacier Mass Balance: The First 50 Years of International (1458) 
Monitoring,» Progress in Physical Geography, vol. 26 (2002), pp. 76-95. 

R. J. Brathwaite and Y. Zhang, «Relationships between Interannual Variability of (1459) 
Glacial Mass Balance and Climate,» Journal of Glaciology, vol. 45 (2000), pp. 456-462. 

B. Wangensteen [et al.], «Surface Elevation Change and High Resolution Surface (1460) 
Velocities for Advancing Outlets of Jostedalsbreen,» Geografiska Annaler, A 88 (2006), pp. 55-74. 

A. N. Mackintosh, A. J. Dugmore and A. L. Hubbard, «Holocene Climate Changes in (1461) 
Iceland: Evidence from Modeling Glacier Length Fluctuation at Sohlheimajokull Quaternary International, 
vol. 91 (1997), pp. 39-52. 


. 52 _ 39 i <udj (1462) 
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J 2 JL 9 oL5wjIlo S_>j_L^Jl Nj ojlj->Jl 




C IJ_lL>jj-o ^3 doj_L>cJl i._JbM ^-&3 ^ daJJLj wLJ->cJl j->co 

JlJl^JI ^ IS j jJOj LUL j-o lAsSS (Waiho Loop Moraine) ^ yi j_^_»l j 

jj-o ^3 O-bu ol ^)-P tjwb t ^uJI 


(1463) 


IxJu j 


jJ> (J^L>- IwLlLj^3 ^£wL^L>- ^ y^Ty> Sj~^~\ d-> L*>l j3 dJ Li^ 

gjL^i jlJi^JNl ^ L^jL. LiLii-l Olj . (1464) > 

c bj-Lw- OJ_>uj LLoj JjJ-Jo l)I oljL^bM oJ_gJ ( ySS^jj / \oljLs_^Jl) 
jJij . J-J->cJl ^i2_*_JJ ^jJ_-^Jlj oL-oJl 

jIjJl^JI l g. i> ij- ( jJ>L5JLS’ cjj—jlpIj oljL^JNl cjI> 


VI 


^LrO 
j_j J_>G 


O^*-! cjr 8 

/^Q J jJ>t yaJ' /^a l^_*_SG (j j.J.d 14 Jj>0 jLgjI 1991 ^Lp ^A3 • J^WljCoJl 

cj'j c (Tasman Glacier) LJU-^-U oIjJl>^ c~la pj c(Cook) ilj5 *jL> y> 
ci_Jl JL_>- ~e,j^S oVL^-|| C- Ja. P JjjJ . L*_>LjJ_J_>- GjJLj 

c -LT>cJ| oJjP-j c ..~(I oLj^ C-wiA>“j c ijjy>- ji I-UJjjj-o 

V j . (146 dU^Jl ^wLLo ^3 j^->c.«./?. 11 dp^-S”l^^ j*S\ ^j-wLJl ^wLixJl c~>yi>-j 
J^i ^ ^ *CJj>- ^JjL) 5 

0jS }I d)LS" ^1 _>c_]| ^>-1oi j 

dL Liya *-> L>“Lj_> b/j / ^3 CO 2 — il Ls-Llp ^ j-j 


T. T. Barrows [et al.], «Absence of Cooling in New Zealand and the Adjacent Ocean (1463) 
during the Younger Dryas Chronozone,» Science, vol. 318 (2007), pp. 86-89. 

G. H. Denton and C. H. Hendy, «Younger Dryas Age Advance of Franz Josef Glacier in (1464) 
the Southern Alps of New Zealand,» Science, vol. 264 (1994), pp. 1434-1437. 

K. Hewitt, «Catastrophic Landslide Deposits in the Karakoram Himalaya,» Science, (1465) 
vol. 242 (1988), pp. 64-67. 

D. Jarman, «Large Rock Slope Failures in the Highlands of Scotland: Characterisation, (1466) 
Causes and Spatial Distribution,» Engineering Geology, vol. 83 (2006), pp. 161-182. 

K. Hewitt, «Quaternary Moraines vs Catastrophic Rock Avalanches in the Karakoram (1467) 
Himalaya, Northern Pakistan,» Quaternary Research, vol. 51 (1999), pp. 220-237. 

M. P. Kirkbride and D. E. Sugden, «New Zealand Loses its Top,» Geographical Magazine (1468) 
(July 1992), pp. 30-34. 

D. S. Tovar [et al.], «Evidence for a Landslide Origin of New Zealand’s Waiho Loop (1469) 
Moraine,» Nature Geoscience, vol. 1 (2008), pp. 524-526. 

J. A. Dowdeswell [et al.], «The Mass Balance of Circum-Arctic Glaciers and Recent (1470) 
Climate Change,» Quaternary Research, vol. 48 (1997), pp. 1-14. 
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oLu-l jj do-d- JJl3 c 2 JI ^d-UJl j-o2-*Jl JJwO d—*-^-ljJ J-i dl J_L>e_^J I 
‘CCaj'^l *• jJ^ j^-v 2 -*Jl jl^3 ' A-JLowCJl o,JaJLl' d->IJ-L j>c^oJI 

^-vw«L>cJl cl)^jJl c5^ c^lj-L>c^<>Jl tj^x-yg-11 ^jJlpxJI 


^**>lcJl 0 ^JL)1 0”^ 


j-Sm 


£ol_—)l (j^JL)I 


<* T 
(1471) 


1? ^>s! JjidJl ^dl^Jl £*>-l^Jlj Jl ^dlj-^1 ^y 3 4jjj 

jLo)/l 4 jJj>o ^_£jJl ^Sjl jlo o-^jJj dl J_L>e_^J I Jj JjjJlj 

£_>-l^o 'y L^_>li t dl dL>c-<Jl d—*J>-l jj I.J y^-j •\_^ 2 L>- j-J CO 2 Jl dUL*-olj 

d)ld_> ^d_JI J^Ljj jJ j .CPjJd dLo^ ^j>-I^ o <■ (_£ Aj I j ^JJdd 

. C*_—dJl dldL>c^Jl j_& ^tS"! jJ-4-> (_£JJl t daJJdJl dldl>c^Jl 

d— 02 JL 0 jlaJ)) ! IPCC _JJ 2007 j»L*J ®dl—uJl ^_*_>Lv2J ( j^2_> c J_>j )) Jli 

cdAL jJ j .d s i>j'yi 0 jJJl ^gAygj ^3 Lia-^j ^UI dl j—els j jLsPxJl dl J-L>e^ 

^ jli —<0 ^J-ajjI ^3 jlJl>JI <cJ2_pIj dljJ_>c_^Jl ^3 I ^Jl oL^g slccJl 

.J 2 J 3 dAmico ^ tjjLji oj_& iiicA d—Jj^>tJi 

j^>c-J| _dL>Jl £>j^J Jj^j .^jVl 4dJ| ^3 7 ^>c-Jl dJj>- ^iaxj 

. .Jg-*>E^J1 dljloJ ^J>c-Jl Ojl^j>- 4 j>-j 3 ^1_P ,7^^ d->I j*^yA dS”Lo—I J_& 

u**»j j >*~Jl dL>- ( /^P ^JLo-jJl ^JajJl ^3 djll iLjJg o-d>- d*>\j><^> iJljw&j 
1920 (>Lp ^ <yyi ^ U^T JUAJ! < T J a D! JU'j . (1472) d^lj J^UJ 

dlj-^iiJl J 2-0 jJj . ^L>c-<Jl ^IdJlj jj>c-Jl J-Jj>- ^3 . 1940 

jLo-*Jdl_> UL 0 J—oJ 1 ojl y>- <C>-j3 ^3 d>l^JLdJl t-^JajJl c_5^ 

^JjJo 0^3 <Co-jLa dUI y^~ doLS" ^3 pL— o-^S" 

. ( * 474) jJlj<Jl ^ LJlp oL» 3^>o j-S’i t (Siberia) (Baikal) 


P. E. Calkin, G. C. Wiles, and D. J. Barclay, «Holocene Coastal Glaciations of Alaska,» (1471) 
Quaternary Science Review, vol. 20 (2001), pp. 449-461. 

D. Dickson and S. Osterhus, «One Hundred Years in the Norwegian Sea,» Norwegian (1472) 
Journal of Geography, vol. 61 (2007), pp. 56-75. 

R. E. Benestad [et al.], Associations between Sea-Ice and the Local Climate on (1473) 
Svalbard,» Norwegian Meteorological Institute Report, 07/02 (2002), pp. 1-7. 

A. W. Mackay, «The Paleoclimatology of Lake Baikal: A Diatom Synthesis and (1474) 
Prospectus,» Earth Science Reviews, vol. 82 (2007), pp. 181-215. 
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oJU- o13*>Ll>-! Jai ^LL*JI ^ 4-2ia-Lo : 29 

jJ!) -Lo-^cjdi! Ja^ell j^s-> <lA5sJ! 4^-L^J*l ^3 d»>!j*-**jJI) 

V jl t JJi ^Ju ilLa. .(j^-Sn 


/<—>l j jJ\ /cjLwvwo ^_3 J_)*>\_L>j_P j_>c_> (^2 jJ> c-Jl xJl^>- 0»-L*^s O-j LS" 

( j_o <lJ_p d-ol5" Lwa 4 _l^J| ^3 20 _ 15 > ( J^sl 1939j 1921 ^>jLp ( /yo ^j-vJg-^p' 

1920 ^ <. ^ y <bUL* ijj c~Lj . (1475) 1920 _ 1898 ^\y>\ 

1898 ^ I^-p! 2r^ 4—wl —p i)\S ^JL^Jl ^_3l2_> ( J^I j- >t — > £—° 1930j 

<. 1929 aU Jc_o (Kara Sea) IjlS ^ y, Jl *yJl jl5 Jl5J (1476) .1920j 
^3 iil-LA J-Aj>cJI jL cJLojl>-I i)\S LoJwo c ' /cJ^-Ll ^3 xJl>JI LJlJ>- 
, (1477) 4XJI 30 1 1928 _ 1869 *ly4 ^ 


D. B. Karelin, «Pervaya vysokohirotnaya ekspeditsiya,» in: V.S. Lupach, Redaktor, (1475) 
Russkie moreplavateli, Voennoe izdatel’stvo Ministerstva oborony SSSR, 425-434 (Moskva, Voen: izd- 
vo, 1953), pp. 205-216. 

W. Barr, The First Soviet High-Latitude Expedition (1984). : <^>\z£ /yj 

N. N. Zubov, Ekspeditsiya «Sadko». Sovetskaya Artika, vol. 1 (1936), pp. 28-50. (1476) 

Barr, The First Soviet High-Latitude Expedition, pp. 205-216. : <-j\sS jy> 

Vise V. Yu. 1946: Na «Sibiryakove» I «Litke» cherez ledovite moray. Izdatel’stvo (1477) 
Glavsevmorputi. 

Barr, The First Soviet High-Latitude Expedition, p. 216. : <^>\z£ /y 
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I^JlS”^- pl^l d)JLlI ^j>" ^ a ^' J-J->cJl * ’jjk 

cJlS U-L^p 1929 aL^L <.1940 _ 1915 J*>U- kk^Jl J yy oJl^ 2)Uj& 
(Fram) (1478) j »|y ikj oJl>^-j 0 -Igall oJu^Jl ^y= JJ(j ^ okk 

C~kL j^yJajaJl J-J->cJJ <5”La-^ (1895 ^~k~P-l j ^S\ _ 1892 j-y^y /^>llJl yj*~A) 
Sjl^ oUj) o-U>j LoJ^; (81 59 N 113 26 E J) 


'jr- 


655 


^..L.-pI />_d _ \9?>1 y /y,_yu) (Sedov) kj-L— j J yyl\ 
(Sedco) jSyy aIs^j c.J lSj .Jljkl Jlp 4_>y_« k-j-> 1.8j 2.68 Jl (1939 
(jJskoJl y> 3 jj I 3^Lp ojki ^Jl oLwoJl ^ j»lJ JS3 Jjj-iJlj jLo-dJl J) 
<»Ip (RV Akademik Shokalsky) Jl iL- j ClJS Jij Ik <. Ay iyi yj\ ^Jl 

( 1479 ), " 


1994 


jj>c_Jl ^Jj JJSkjP lil./? fl J-J->cJl iiljwA d)l5” <dl ^_Pj 

ip^-«Jl 3iLj J_J_>Jl »_ j I e> JJLa 1 1940 _ 1920 JL«_2LJI i. _ \sa\\ jl 


( 1480 ) 


ckr 1 ' 

1940 


<LP 


fir* 


tj 


°L> Jj J ^rj^j 

i cj y^>- *y Lo-ji ip *y i c-5 


1920 JLJJ! ^ki)l ji 
yy- ^y 1929 j»Ip Jj .Ikl JJ ^pj^- Jjj Jl ->jLJl JjAJl jp Jjl 
^_Lp ( ^- ; >j^Li 2)2)15j t 4 _^voLJL> j J>tLj w2jo t wL>j-^ 

, (1481) ^ flLAll J*>k JUS Jljj JU^I 


A3 Lifl. fi ^ C»5"^ I Ad y^X-*rn) 1 ^ 1 k k j, 

Oj^Jl ^ 1901 a Ip (Ermak) lJUjI i-jL- j .^l^Jl wUj^uJI 

^_3jj 4 _Lo^>- ^3 (St Anna) Ul dol—** 1912 ^Lp t L-l»j Lli j_j 

15j_9 4j1912 ^»Lp <—>5j-^ 

y>- - ^jl (Seddor) 4_L^- ^ (Foka) 

Ja.-s>c-xjI 5-do^^LSsJl j-^p oj 555 15JJjJ 


F. Nansen, Farthest North (Westminster: Archibald Constable, 1897). (1478) 

Joint Expedition «lnvestigation of Environmental Radioactivity in Waste Dumping Areas (1479) 
of the far Eastern Seas,» Results from the first Jap anese-Korean-Russian Joint Expedition 1994, pp. 1-62. 
B. J. Birkeland, «Temperaturvariationen auf Spitsbergen,» Meteorologische Zeitscrift Juni (1480) 
(1930), pp. 234-236. 

O. Humlum, «Late-Holocene Climate in Central West Greenland: Meteorological Data (1481) 
and Rok-Glacier Isotope Evidence,» The Holocene, vol. 9 (1999), pp. 581-594. 


380 



J y>- (Knipovich) 


i ol_J_J*>ll]| JL>_AJ| v_iaJLil jl ( _ s -3 

Jij J-S' J LfJlj LJj L;LsJ u-° 

(1932) LJuoJ LUjji J(Sibiryak) 
.(1932) Uujyr J > jJ 




c li.il JU-^Jl ^JaJLlI jj >- JJ Ja^j>c^>Jl oL^a oJlS" 

(1)JL)I 4_>lwL>) 200j 150 ( j_o SijUl 4_la^wt><m^la_U ^_o^!l Jj>c_)l ^jJjjIj 

C iJlill ^JUJ! v ^>Jl . 1945 _ 1940 J jl * 100 _ 75 Jl J^Jl 

ioLoJVl i>j^>c-Jl LJ»*Jl SiLiJl L ^Ji?'yi Ja^>i^oJl ^J ^>c-Jl J»Jj>- CO- 

cjLoOi <Lol J$lj-9 ^j^?l J-Z-&*'} Li-^J l—> 1-3 ^;Ll)I IjLS" l3j-*** j -£->■ ^J-^ - 

^Sll jjl Jl ISJ.1 


( 1482 ) 


( 1485 ) 


4_>jlJl>- 4_iL^ (Admiral Scheer) Jl^ol ij~SJ\ is*- jLJJ J(j J j 
jl5j , (1484)(1483) 100°E oUjL J_*J l^Jl ^ jjl Jlp t^JLSUI J'JJjlJ 

(Alexander Sibiryakow) 

-J) 

djJL^j (c-oj) cJiJjj t (1486) 1940 
jj>c-Jl JjjJ 2 JI |j-& d)jj Ja^->c-oJl IjLo 


jJ- 0 *^SCJl C ^J. ^ 2 . 31 4 _jLoJ> 

oi" j_>s Jl OjLoJI oJ 

Ja-s^c^Jl Jj ^wJ-t'yi Ja-»^>c^Jl jLo~JL)l J2JI ^J OjL» (Komet) (k 

J“>U>- j-o (c~*J) oJiJjjl j 1 ^ 1940 i_J Jdljl (J (_>->JI 

^*-1 (_£jJl C 


. j^>sJl jJ>- 
^J ^>cJl 0_L>- l)Ijj^ < 


>0 I 


^Jl>o \jzJklS' 0 ^jLoOJl <mJL 

^3 C- 4 -w2JI ^ y+S> f-U 2 _P (Jjj>o L*J_LPj .(^jJw>cJl liil LaLw« J 2 ^j>c^oJ| OljlJ 

Oj-Sv-J A_S J .0 j-^>“Vl olj_oJl i_) jJ&jS>- *)!90 N Jl 60 "N iiJaJ^Jl 


Chris Bellamy, Absolute War: Soviet Russia in the Second World War (New York: [Alfred A. (1482) 
Knopf], 2007). 

W. Barr, «Operation «Wunderland»: Admiral Scheer in the Kara Sea, August 1942,» (1483) 
Polar Record, vol. 17 (1975), pp. 461-472. 

J. Brennecke and T. Krancke, Schwerer Kreuzer Admiral Scheer (San Francisco, CA: (1484) 
Koehlers, 2001). 

Patrick Beesly, Very Special Intelligence: The Story of the Admiral’s Operation Intelligence (1485) 
Centre 1939-1945 (Annapolis, MD: Naval Institute Press, 2006). 

W. R. Hunt, Arctic Passage: The Turbulent History of the Land and People of the Bering Sea, (1486) 
1697-1975 (New York: Scribner, 1975). 
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I48 13 ^3 kJz3 IoUxjI 1)5^ .j_> 1 k-oc-<Jl ^3 ^jj>Jl j1^xa*)J 

oJ-a ^ij 2005 /Jj^yI OjjIS" 2002 ^jLj/^LJI 1)jj5 ^ja 

Jl cJjj_k ^SL j%J Lo>jj LJl ^_p jJl ^^-Lpj • 1 ^ JJl 1)5 oL-^>L-xJ| 
2 )i I)^pwL> ^jAJi ^^j-p i)5 .oi>o'yi 515 ^3 aj>xSj 15 ui *yj <, j~j 

z]y>- CO 2 Jl d)i <—L5 ijj^Jaj d)i ^LloJi .l!^>«j CO 2 JJ di^y\ oijij-s^i 

. .kg 3 1998 Jj^3 ^j-jJl *UaP ^3 ^kdl cL>wC>- bU j colj^v-kdl 0 La 

<_JaJj| ojlj->- 5>-j jJ Ijl^ 5lio-« l)j5b (1)1 (Penguins) J_>^,k t JJ 
(Adelie) ^J_ol Jj_>j-k 1)1 2r^ 5 Lp d^ 5 j-51 ^*)L>c_*5l3 *(_ 5 J j-^fJl 

^JaJJl (j^-k j j-Jb j-a Oj-J>j (Cape Petrals) (jy >^Jl *JU 1 ^Jlkj 

^3 4 »J_P C 2 o 5 Lo ^3 ^Ll 4 _*w^vJ 0 ^>-L >3 4 ^_*—)jJl ^jL*Jl J - 4 ^_Jj. J-n^J 0 jJljJoJl 

^-*a j_^J wL>ljJLoJl J j-laJl Jj_dl jJLa |j_Aj . ^j_> j_JL*J 1 (1) jJL ll 


. 2005j 1978 ^Ip ^ JjuJI 


oU L*-ol 


_, ^Jl _uU .bjlj . (1488)(1487) ^J| 


{jA £_j j *Jl j5J 1 jl(1)1 ^LvJ C2-3j ^3 1 j_A (1)15j 

.C0 2 Jl! l)L5Jl 


(1489),-. 


2008 ^Lp 5LL^_> (1)1 La Lp^oL* (_£^)_J_>c_4 J^>-j ^15 

* j-ygJl pIa!^/ JL-LJI (wJgjJl j->tj (JL5) LJwU- Ujjj d)l JjL>o j-^j 

960 ^Jl kb c_3Jj>o (1)1 <cSLa\j C jLo>l 4 l^wvo ^JJl ^JJl jl jLI 
jl ^^Lp Ij^U (Nansen) j—LC 1)15 1 1893 j»Lp j .v^JaJjl 1 yL* jJl-5 

1)5j .^U-LJl ^JaiJl ja j^a jJl 5 800 ^!l ^^1 5y» (Kayak) 5L5J1 ^3 Jj>o 
1)1 oLJ^/ 2008 j»Lp 5LLLJJ ^l^Jl (Pythonesque) c5 i5sJ^L»LJl c5jJ-^J 1 
.5Lo-> 5iJ^ c_3t)L>- JiJ .^>cJl wLJj>- (__£j~a > jJl!l jl^>“^1 

^/23Ljo J-3 ^l>Jl wLoJ>tl5l Ja^>c^Jl 1)| J jJIj <Lj L>-1 jLL31 5 La ColS" 

^_k^i ojl~L (_^JJl (jLwvO^fl 4»^^vO (^JJl ojlj^>Jl 


C. Barbraud and H. Weimerskirsch, «Contrasting Effects of the Extent of Sea-Ice on the (1487) 
Breeding Performance of an Antarctic Top Predator, the Snow Petrel Pagodroma Nivea,» Journal of 
Avian Biology, vol. 32 (2001), pp. 297-302. 

C. Barbraud and H. Weimerskirsch, «Emperor Penguins and Climate Change,» Nature, (1488) 
vol. 411 (2001b), pp. 183-186. 

.(Lewis Gordon Pugh) <J> jjj jij jb (1489) 
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^ J—} «—J & 0 C I L*«»iW^ ^ y ,i2 3 IwwO 3 jJ>T-^JJ • I 

( J^_j2j 4_wwS\_*_La iU-^Owji 4 JU 5 ^Jl^1_3j OlJg.^j>c-^J' ( j~a iL^2JL<>woJl 4 JII 2 JI 

c_*JgjaJ1 *W?l>oj c A^JajiJl J^tLoJl oL>-Lwv^3 l) 1 ^1 j^l 1 j-ft (^^1 A3 j .^lJj>cJ1 

oJla c^L 5, , (1491) , J^Jl jlu^vi ^ ^Sll ^-JcJl 


. (1491) ^^l jl 

4_5jLw*» L-*>1 jjJ <u2JL>c^ 3 ^>Jl wLoj>cJLoJI Ja-^>c^Jl _l_L>“ oIjJLs L>-l ^3*^1 

j^xj iil-L& ^ t^>c^Jl 4 ^pI jJa^g^ 1 jLo-s'yi d^Lw*»LJ w ^ /0 4 j! d-J^o 

^J->3 ^Ojlj 1 j_d>cJl J_^->cJL<>J 1 Ja^w>c^oJl wLwL^- ^3 

oj^L> oLj 4 j>-^xa^J 1 oL^oJl ^j^Jl>cJI wL<>j>cd^J! 1 ?.^>c^oJ 1 

. (1497) 1996 _ 1987 

l )1 ( /jSvo->j ^l*Jl jd>cJl X^j>td^Jl Ja-^c^oJl J-Jj>- 1 jjfc 

ii^>o ^Jw^lwij>-lS" ^^jg-) ^dJl ^d>6Jl 43*1)^-P (1) 




>1 


~j oJ-& (1 )j5vj jJj . jd>cJl t^JajlJl ^3 ^IdoJl j^xj 

^3 wdi->cJl ^3 dJ Lyg-S IjjJ 1 (1) ^S\J (1)1 (. j_Lo (jj djl 1 jl Jg-^>cx>Jl 

^3 j_>j_JL)1 jJj>J 1 .ojl js> cJl o^LjJj (Weddell) (J^j 


W. M. Washington and G. A. Meehl, «Climate Sensitivity Due to Increased CO 2 : (1490) 
Experiments and a Coupled Atmosphere and Ocean General Circulation Model,» Climate Dynamics, 
vol. 4 (1989), pp. 1-38. 

J. C. Fyfe, G. J. Boer and G. M. Flato, «The Arctic and Antarctic Oscillations and their (1491) 
Projected Changes under Global Warming,» Geophysical Research Letters, vol. 26 (1999), pp. 1601-1604. 
C. L. Parkinson [et al .], Arctic Sea Ice 1973-1976 (mi), NASA SP-489. (1492) 

P. Gloersen and W. J. Campbell, «Recent Variations in Arctic and Antarctic Sea-Ice (1493) 
Covers,» Nature, vol. 352 (1988), pp. 33-36. 

P. Gloersen [et al.], «Arctic and Antarctic Sea Ice, 1978-1987,» Satellite Passive Microwave (1494) 
Observations and Analysis (1992), NASA SP-511. 

O. M. Johannessen [et al.], «Arctic Climate Change: Observed and Modeled Temperature (1495) 
and Sea-Ice Variability,» Tellus, A 56 (2004), pp. 328-341. 

E. Bjorgo, O. M. Johannessen and M. W. Miles, «Analysis of Merged SSMR-SSMI Time (1496) 

Series of Arctic and Antarctic Sea Ice Parameters 1978-1995,» Geophysical Research Letters, vol. 24 
(1997), pp. 413-416. 

A. B. Watkins and I. Simmonds, «Current Trends in Antarctic Sea Ice: The 1990s Impact (1497) 
on a Short Climatology,» Journal of Climate, vol. 13 (2000), pp. 4441-4451. 

I. Simmonds and T. H. Jacka, «Relationships between the Interannual Variability of (1498) 
Antarctic Sea Ice and the Southern Oscillation,» Journal of Climate, vol. 8 (1995), pp. 637-647. 

S. R. Smith and C. R. Stearns, «Antarctic Climate Anomalies Surrounding the Minimum (1499) 
in the Southern Oscillation Index,» Antarctic Research Series, vol. 61 (1993), pp. 149-174. 
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o jJtS d)li CjL&L>cj ^ y> c_Jl <—3j 

J* 

■llljwA 0\ 4_>^_)^wwo-^Jl 0LS"L>c-o-JI l-a-LI-P jJlSI j-L>cJ| ^>~yj 

jjJLxj JI>N bJl . (1500) i>? k2Jl ^ jLJ^I <uL~> LJ^5 Ijl^l 


N. P. Gillet [et al.], «Attribution of Polar Warming to Human Contribution,» Nature (1500) 
Geoscience, vol. 1 (2008), pp. 750-754. 


384 



(J uajdj 
dLxaJI 


^ LpLfljjl CO2 —D (jLwJ^fl <ZJ-X>zj Jjfc ! 

? j*J\ 

.V :yl^JI 

^ 4 .^.^/ a .■<>■■>- ^ *+/2a+ai JbA ; (J! 

.V :yl^JI 

^<UjI>* j^gJl jj^eJl ^>cJl ^rJa.~u ^g£^Ljjjl j^*Aj Jjfc ! 

.V :yl^Jl 

? )x».>t^Jl Oljlj ^3 ol jAJ JbA ! 

.V :yl^JI 


^ jS-a 600 3j-3 j_>tJI ^]g *A» ^gjJL^J ^^.3 olj-s-ij O-Jwl^ 

^j^\j3S>x-)\ J C L«J>-^J^-O Lp^_L> jJ>c-Jl cljwL>o_J 

.<LoL>-^oJl (_5 j^*J| jj>c-Jl (^gjJL*^s ^j>c-Jl ^Jg-^ 

4_*^oLJ| ^gUA jI £JL)jJ C Jg.^3 ^gjL>cJo^ ^>c-Jl ^Jg-^ ^g ^JL>jj *)! J 

JuSL^Jl ^j^lj-^-Vl oJl& j-JcJj Ja^j>c^>Jl jt->«^>- j^-^-iJ c (j^2J>c_L>j 

.^>c-Jl ^]g*A> (_gjJLwvw* <L_0 L>cJl Ui” C 

c (IjjJ j-&j <• 1 jJlL>oJ (3j-^ ^ cJLiloJI ^ ,*JL*Jl *lg^-l jj^-*- 1 c3 j-*-j 

^Lp) j^x^j ^ 1>A^Pj C (I JJwljjiL-lJ C LJLjJ-XSwiI C tjLtoJl (J^^'*’ £^ 2 "’J"* ^ -T^-5 
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c y> c_JJ a*_ojl>c^J1 ol oJ_aj .(LSJai^I »._ j j_p cJLo-ji t JLl<J1 

.lwb>- A^*_yg ^>cJl ^Ja-s^ (_£jJL*^>a jsJ*s} A*Li jJl oLaLJl ( J^*j>cJ Jg^>c-Jl ^*gljgJj 

c ^^g—^l wL1_>cJl]| *A_ba ^_>cJl ^Jg-^a {£ 3 ^La_>jl Jg-^a^_)La JLb& L)LS" 

|j-A J*}L>- y> cJl ^Jg.*^ (_£jJL*~^a .j»l*Jl ^3 Jj>-1j jlwiJL^j 

i^C, jL**a j^xj ^3 (Jj^oJl 1J& (jjj t /»l*Jl ^3 ^ ^jA ^^LpI O^Jxoj ( /j*ajJl 
^'LaJjI ^Jj .A^_>tjLoJl IPCC 01x3 jj ^Jg-.*^a ( j^a j*sSL> ^Lpl jJ>c-Jl ^Ja-*» 

jl ^j^j>cJ| J-L>&Jl J_La a^2>LJ1 ^Lp 14000 Jl J*)L>- jj>c-Jl ^Jg-wo ^ 

^3 jj! ^-lJ->J 1 -L*_> La y> c-Jl ^Jg-^ ^jjLwv^a L)Uj .^u_jL>-^J l jj_>cJl 

c aoL>-^-J l j^>cJl o|^ . L)L>-^oJl ^a>- JjJi £ dl)3 c_3*>J>- 

.^>cJl ^cJg^Al jZ^~A ^JjLjI J^, 

( Jw*3 A>jj.5 (^1 JJ_L>tJl e-L^Jol Jba £j2j^> cJl oLjJLs^a l)} 

^^-Lp C ^g>c-Jl ,]g.^*i 1 ^ yX^^A ^\jL> JgJ>-^\-a ^jLu jLb& 6000 

. «>< g * 1' yA 

^j-a jl-AJLa Jj_L*JL>j c i _jIwLoJI CO 2 Jl 1 IjlwLa^a oLlg^j>c_^Jl L)j^>=-> 

^j-vJ j~~> J bJLa •« 3 Lyg-j J . 4_o ^-^-ll ^>cJl ^r-lg„*A» Ojl ^g»- 4 j>-jJ_} a-1 j_^Jl ^3 CO 2 Jl 

*. J-bJl CO 2 Jl .A> y>*-> ^jS\jj> ^jA Jg-^>c^Jl oL a CO 2 Jl ^y 3 l-5j jXa 

.J y >r -s/gJl J 4_>jJlj SLoJlj J-^l ^-J>^-Jl Jt)J > “ t Jg-»J>c-^J 1 oL-« ^3 

jj>xj>- 0 jS^Jj l c-il J-v^ 5 'y 1 ujJJ- 1 ’ 1 w\_^<J 1 CO 2 Jl jlollg^^Jl ( JujJj 

CO 2 -l! ^y 3 ^-ty° c—>1^ Ul5j .oL^*j jJlj jj-><wJl £-4 ^-o oMpLaIjj ^>Jl 

.(1)jj^SJI Ojj^ 0 JJl J y >cJj C 4Jw« -b^a Jl^d ^ oJg-^Jl 

^jjig^a jLi c^j'yi ^jijJl JL^)/1 Jj-^1 !J 

‘L^x^JgJl 4^Jg_j*y 1 tA-J-3 1 j-^xZ J}j .cJ-PL ygJo ^j_>Jl CO 2 Jl 

.jLo>l c_£jj>Jl ^-i^AJl ^3 ^.iLviJl CO 2 -ll 
*L>-j^ C^oU LaJJ.P ^J>- t jj 1 Aj 1 j_) wi_La Ajj_Lsj 4j>JLa CjUg^>c^Jl CjL 

jJl AJL^^3 ( /^>a ^3^1 ^^J-P 0j-a 25 _j J Jl fJl CO 2 Jl J^Jj ^>Jl 

oLsjLSJlj oLw^Jlj p1j_^J 1 ^a LbLwow^S” ^J^pLLb ^gj*y 1 jj ->&^ 11 L)^ IJ-^j 

J-pLLo <zj ^Jl_j a_> j> c-Jl j-Jl j L)^ j c Aj jJl ^J-*JJbJ c aj^_^j>c_^J 1 

. A^yg-^P*- oLL^Jl ^-ygj tjjj>c-yJl wbLo LawllPj .^>cJl oLa £A LoLo-i” 


386 



h-.ji 


jJ*> l e-Lo <AJLoJl ^_9 70 ^jA <1)1 

Ja-^>e-^Jl AL^UsJl ojl ^>Jl J^LJj ^_>c_jJl JuIj^jj .^UJI ^l_L<JJ ^*-~JgJ 1 
^3 jJ^XxJl J.sLJl d)J .oLjl ^Jg-A^» ojl y>- 4s>-j2 L^l lJuljj jj>Jl <*-$^*Jlj 

ajUSJI ^iS3 (0.3) ojl^gJl aj^j. 5 iwi?“ ^Lajj')/ ai^jISJI ojl jS>x .Jl aSUs? 

.^jj>cJ| C0 2 —H ^y 3 c_apI_v2j aJjJ 

Ojl y>z .Jl A3 >-j. 5 CLoU L aJZS' ^v^Ljl A_ojJ *L^>tJ>~jl ((J^Laj)) Jljjfc ^jS\_> ^-J 

C0 2 Jl J^JSJ ^J! JJJ <l)Sf C jNl ^ JlpI ^ j^Jl C0 2 Jl J 

LJp <u*»*Jg oLJgjwd 

c ^*L>^Jl l$5.ojlj->Jl 0 j^S <zj Lwo- 5" LL?w^>c-xJ 1 d^ljLo 

^ cj\j^»s 1 Cr*-°-tJ ^ jr^ 


tl) 1 Ja^J>c^JJ O jUI A^P-LJl 


,ldl 


cl^J 


jLJl 


j*aA d)i Jg^>c-<Jl ^li 


20 J Jgjis (w*J J^Jl t^ JILA JU J .cLw^Ljl A^J^I ^yA ytZS^J 5 jj\ ^jS\ 

Oj-o y*SjS Aj^ojVl *Jg- *->» ^ ^J^l jLS'j c ij^jJl < ^-oJl 

.Isil^j Ugj *L^-L>-j 

1 ^A j_Lo J J 1 As>- 1 (1) I >*_P j . L2 -^*_v 2 Lo-g-3 ^ ® j_^_o Jp) J-^l J} 

^oLoJo L^_*_3 j_j ^ t^/?j % yi ^_1_P £tJa_**Jl A_3LlaJ JU 2 J 0 I ^Jg-pl 

.^jJ^VM^Jl ^ILo (j- 0 aJL>C>J CLwwmJ jLo jj <2 Jw\j>- 1 (jjj C jJ 

^A A_> jJg-yg-^3 J ^wJg->- J-^A A^JflJ (_£ J_>Jl oUg-^>c^Jl (1)| 

05Uj oj_^_5' ^uj g -j 1 ^^j 1)1 jjL>oj .^jp'yi ^Ji jj^'yi 

. aLoJJJs 

.Aj yJ~yS LLJl A^JgJl (1)| 

: A tl 




(jjJl (NH 3 Ij_p L») Cj*~* j^~ ^Lo-U oj (1501) 

l>) d)|j 1 p-iii ^ji(JL au*)\j oji j ^-1 <*j>-jo ^3 ^..,^3 *yI 

^3 ^^llj ojljj£-l (JLa^_>L> ^J^Vl j-oL^Jl j^tsS Ij t jLl~« y*yA 1 (NH3 1j.p 

OL]g...>tl 1 y ojl jA-\ 4 ^»-j 0 j^-> oJjljxil <L>-j_l.ll £0 iill^Jl 0JjO i y2j\ssJj t ((JJ^"l *— 3 *AJ«Jl 

_ p-4-*) (Hg 1 j_p l») JJlj^Jl £-y? ij-yi tj-* j-jjJ J-^'j t(olj_-_>«_Jl (jOj_«>_*Jl jljjjJlj 
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30 _ Ojl jS>- *U>-j3 J-LP *^_3j-wv^3 C Jgjlj j-> Ly2-*-> Lg-yg-^-j £A 

oL^oJl ^jA < m JcS\ i)j£j (1)1 *Ul wUUJ Iwgoj .( jSU/3, J1 C*J>cJ 4 j jJi-« 43 >-j3 ^o^Ij) 
jL>c-Jlj t olj-%_>c-Jl oli t L^sLlg lijj (. l_^_3 jJ j-a la j 4_l5sJj aJjL^JI 

Ij^L>- oJl>J1 jLjj> 1j_& . L&^LpI c^Ug^j>c-yJ 1 j 

Ij^lS ^^gj'yi j^" Oj!>o ^jjj c i wuJj>cJi t^gj'yi ^ip Lo4i^ 

.^Jj S_/ y t-JjyJl 

jjLyg Ojl ^J>-j3 jJlgJl OIL) Jj>- Ojl ^>cJl ^0 j»J_L 

0 J1 I ^ w\_J ^ ^ -1 1^ l w^^C-J Lo» S* • J 1 6 wA_A wA_^P f* L^J I 

^a wL >yA ^Jl ^Ll>c_)j . 4_> jJL* 100 _ll ojlj_>- J-Lp f-LoJl o!jL)^j>- 

. col jZ-> S )l jJg C-*-9j ^Jl ^ll>o l liJJ Lo 3yy»jj C pLoJI 4JL3JjJ ojl^y>cJl 

oj-& .<4j_^Jl Ojl^g*- 4j>-jjJ ^Lp^l Jj>cJL> ^LA^tSsJj oLwoJl jj>t-o ^_SvJ>tJ oj 

lijj j^u ^jb ji ^-dj-^ jij-^*“i i ^^ijj-Ji 

(. Cglla*>c-oJlj ^j_><Jl cJMjJl ^^3 ojl^g- llljjfc Jj_SCj ( j_Ls t *L^>tP <oLo *L<Jl 
. j'a*/3 !l cu>tj <j jju <L>-j 3 18 _ <4 j^Jl ojljg- 4g^j3 OjLSsJj 

4JLoJl ^3 7 2 )L>j 3 ^_>c-Jl 0jl^g*“ ^3 oJj>4j 4jjJLs 4j>-j3 

J (Hourly) aIpLJI oL~yU UIp 99 y~>j . (1505) JyJl y ^UJl y> 

Lwjlil wblj^o c 'kjyJ* A.>-j2 12 jg’xJl (1)LoJ_LP Aj 1 IjjJj-2s 

jJa^oJlj ^g>*c-jJl c_A_Ag>x_>j .oJj>-1j 4_>jjjj 4 j>-j 3 ^U;jN ^3 14 (J 

.OjljgxU ^31-0 U-^K (jV (J^J^l (_5^ j><Jl 


c(Ui-i AjAx^J ^ .a) C 0" 4 ol jil t ‘U^- jJjjJyjJ = 

j-> (_i^^ fc oLy> ^3 __ -S oLw^j ^o_y) t I Jj>- 

<Jjj_^y>) I jj ^c^P i*_j>*>\J oIjujj>cU *._<Jj ^1 Cy 3 j^~ 

,(i^>-L>-jJi oj-Jl y ^ idi j 75 ^ jiSn jp 
. (79.72 cal/g) 33355J/g JuU-l iul5 5jly (1502) 

ojl aj>- ji -Up)j (598 cal/g) 2500 J .g (<u jL* yu& ojl j>- oj>-ji o-li! oj^al^ ojl j^~- (1503) 

. (539 cal/g) 2260 J/cal (ijJU 100 

0.12 J-.UiL < r ^J~\J i0.47jLkJJ c0.50a.LjJJ (.1.00 ^LJJ (cal/g°C) oaa^. oljljj-(1504) 

.0.03 c_aojJlj 
y^p (1505) 

G. Lenderink and E. van Meijgaard, ((Increase in Hourly Precipitation Extremes beyond (1506) 
Expectations from Temperature Changes,® Nature Geoscience, vol. 1 (2008), pp. 511-514. 
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C V_ A J-* CO 2 J->Oj C Ojl jS>- ^-£3 . *L^5s_^ 3 LLO |*JL*Jl CjUg^J>c-^ l)} 

( /yj CO 2 Jl 4 ^jI_Pj C ^ j-.yg.il ^JwJy^Jl ^lp 0 j3>li 0 oLjISsj <LlP 

olJ j-3jS oUg^^Jl ^3 <uJbJl oLuL^Jl ^ jj>JI 3*)L*Jl 

^iwL^'yi e-iiJ ^j-^JiSsJi 


,e3l. 


d^*J_p JJJI ^J_jj_j j .4_jj_^>- jL>c_>-lj 4_jj jj5_>-I j_lS" c_3Ij_v^VI SIjjo 

IJ-&j .LL^JI ^*^0 CO 2 —ll oLwoJl d-*->o j j>c-s^Jl j jj>c_Jl oLw« 4 »oL^ow^^J! 
J*)Li>- *A~wl_9 .Ja-s>c_x>JI ^LwOw^S" O^Ju JJLlj .4_>ji_9 CjL la^j>c_^JI pLaj ^.—^w*» j_& 

<Uj_>e_Jl 3j-^>cJl j_P ola j_L*-o ^ ^^ojJl 

cjL l ^JLL^Jl 5jl j >Jl oL>j^j c CO 2 -A] J.v^'y I j c A-oL>-^-<Jl 

j5 ^c-j jL> ^-<_P ClJj J*-^- 7 **-* l_ff j->c_Jl ^^JLwvoa £jJ_>jl A3 j .j>c_Jl 

.*JvJLa<J| oLJ-o-^Jl ^'jA j-& dJoJ-& 

c (JjlaJl JgjJa^»-j c ^*Jl J-I^ 3 *") ^L*-*^! *ApLj 0 ^-*-^ jJaS" oUa-^>co>Jl L)j 

I y>-Ay 3 (J^^ 1 .oJ-*juj 3 jJL*J ojl4^>-j.5 oLaLpxJI j-wJ ( j-^j-llj 

j>s LA-*Jl I^3 o3ji-Ljl oLlxJl j^a 4A<Jl ^3 37 ^3 o-fl-oli>“ c jl^A?-l 
4-^s^’j'yi 0 j_SJJ j_U>Jl C_i_o2^JI Olk^-a jl ^0 ^_P^J| ^^.Lp (. Olk^Jl 

jlj ^(jLjLp'Jl okLo-P ^jA’ Looj) . 44 ^j jJaj L^jLdP 0 3jJ>-La 

/ ^4^-v^Ljl L«Ip 50 Jl J*Ai>“ 4i>t^os 3 I^o'yij jl^>-^1 oLaIpxjI 

^L^o 1 3 4^-voLJl ( ^ Lo»5” l 1 ^Ti l? «i*j ( ^ 

^_AjjIJ . 4oLLl>c^ J^Loj ^3 4Joal^03 4 JoLa^os oLaL>coIj 0^o Cp'J J-^oa 
4 _*->oLJ| ^jJL*^o3 ^jJjjI^ C I600 ^-s^L<Jl ^2 j5j>coI ^1 ^>c-Jl ^^JLwvoa 

^>c-Jl ^f_]g„*Ai ^jJLwvoa JU" Ja-A3 ^»Lp 6000 .^os 10000 OjljJLa Loo ^o2j2j>coI^ 

J-UcJl J*A->- ^jJsA>^J \J j_>c-Jl ^Ja-wo ^jJLws^J ^o2ojlj J-Jl ^J-J^Loo 


J. Veizer [et al.], « 87 Sr/ 86 Sr, 0 13 C and 0 18 O Evolution of Phanerozoic Seawater,» Chemical (1507) 
Geology, vol. 161 (1999), pp. 59-68. 

J. F. Kasting [et al.], «Paleoclimates, Ocean Depth, and the Oxygen Isotopic Composition (1508) 
of Seawater,» Earth and Planetary Science Letters, vol. 252 (2006), pp. 82-93. 

D. E. Harrison and M. Carson, «Is the Upper Ocean Warming? A Data Analysis (1509) 
Approach,» EOS Trans, vol. 87 (2006), p. 52. 

D. E. Harrison and M. Carson, «Is the World Ocean Warming? Upper Ocean (1510) 
Temperature Trends, 1950-2000 ,» Journal of Physical Oceanography, vol. 37 (2006), pp. 174-187. 
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jS> c-Jl ^ CjI C-O 15 J .^l_P 100000 ^jS I 


130 


-VI 


(1511) 


ItJ g-> (jlSj C lw\j>- Aaj UI 


(1512) 


^J>-jJj-^>Jl ^-<JL*_)I jJ>c-Jl i -LjL) 

t Lg_> J*_> jl AJl>J| ol 3jj>- jj j>z- Jl ^jJLwv^a j^xS 

ol^Jo!l 0->lSj .ol)g.^>c->oJl ojl4 j>-j^j jj>c_Jl ^li (. oIjLaJI 

4j>e-J-v2J JjVl jJb J^i-Ojl ^>cJl (_£ ^yz\Jl> C_>! ^Jj^s <• aJJjUj.5 

ao> 0jJ>j 37 ( J^3 ^j ^>Jl c_JaJl oJj>- 


(1513)- 


j-> c—JI ^JLwv^J ^IjLjjI 4_> ^_2lJ| ^*J_Jl ^3 < $ yS>- JlO& 

^w>3 JjJl ya LsAj I JwoJL^j JlS J .^j_> JJ ^-yg-i I-L& -LoJOu Jj5 J j_*Jl 

^ygLJl ^g-o-jg.-xJl oljlw2j>cJl LIjJ ISLo-U • Jy>-Ij-^Jl j JJJ ^JaiLJl 
*l*JJoJI oLSJ^SJl oL>I jJg-ygI oj>oI jJj j_*Jl (J^>- f-LL^g ^xS"! ^jJJI 
OjJl oL^^jJl Jg jJLw*>j t j^Slj-Jl oljl^fc-flJlj c ollg.^ l >c-^Jl J-^I 

I <LJ^lj-Jl jLwfJlj Jj^jJlj i<jJjLaJI 

^-^iJj-wvjJl oUj .jloVl olo ^13 j_~jJI o3_a j_Lp . (Tsunamis) 

250000 JjJ j 2004 /VI j jJl5 ^ 26 Jl ^ 6l> ^1)1 ^LJl 

.L^J It L~4 ^ JiVl ^^30 

j\ijLi\ 

\jj>- ojl> o yj JV->- ^^ol y* ^Jl-Jl J^-y^l-jVl olSw* ( JJol 

( JJolj oJj_vgL)Vl cjL*_aJj^<Jl . iLw^Js ^Lp 8000 8500 

,4jji^j ^xS"lj li^l iS^ 160,000 ^j,iO a>z3js L^jISwi 

^^J>C^Jl y 2 -^ J>cJwJl |j_A ^_-_V^I -Jj ^Vl ^>cJl jVl ^gji>cJwJl |3»& 

JoLw^Jl ^L> 3_P yJ j^j>*ljj j_jIwJ|j c j«--o-J|j Oj^-ll) A_ol^ oL-<j 

.^jJl |JlJl J-^*” C 4.^yg->- 


N. J. Shakelton [et al.], «The Oxygen Isotope Stratigraphic Record of the Late (1511) 
Pleistocene,» Philosophical Transactions of the Royal Society of London B, vol. 280 (1977), pp. 169-182. 
K. G. Miller [et al.], «The Phanerozoic Record of Global Sea-Level Change,» Science, (1512) 
vol. 310 (2005), pp. 1293-1298. 

A. E. Shevenell, J. P. Kennett and D. W. Lea, «Middle Miocene Southern Ocean Cooling (1513) 
and Antarctic Cryosphere Expansion,» Science, vol. 305 (2004), pp. 1766-1770. 

Ian Wilson, Before the Flood (London: Orion, 2001). (1514) 
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( JwsL> o_>Jj>Jl 5 j_^>Vl jj>t-Jl ^li 4j_<Jl ^3 25 j->o 2)} 

«LjlS'L*» < _3^jjLw*»l j-^-Vl jJ->cjJl (JtA->“ .j->c-Jl d*->cj jJLa 100 

j->E_> ^jJL)l Lo~ 4 0 j-0 j-S J_>CJ J £fcj^- j-<-P J^-A^^JoJl jPc-Jl ^j,<g 1 ->cJw<J I 

^L*_> (_£J_Jd>Jl J_*_> L* jgrJl ^jg,*A> ^ ^\JC jl (1)1 j^P . j->Jl ^jli>- 0 ^ 

j-^>Vl j->c_Jl y>- ^Ai ( j^ yLo 100 _> ^^J-pl 1)15 o j-a j-a j_>c_j 1)1 
^ jjJw> j JJj £* i jJsJl->^ ilj LqJIj IjJjJl dUS jjjL-jj iiL* 

.0 j^» j^> jgtJ ^3 3 jAJl 1/° ^^J^wjl d~*J>- A^m»o jJ| oLoJl 


r 


■SLygJu O 




SjJij>~ ^1_P ^JLLlLoJI 1)1 j*S* 


Jj_>c_JI JjJ .^UaJoL J^-v^JVl J LowJo JjJli J . 


• ^JJj' 


£-4 LJL jjl 


J^jJl 


J-* 2^J 


cJJl 


1999 


j>Lp j M L^ pI /__>' 17 


-VI 


(1)L>^j>-_j j^_>c•>./?) 1 ^3 j^>S ^Lp 7600 ^^J^-v^llVl jJUl (JL<>-^ J^J^ ^^J-p 
U_ k £_lg_3j j-^Vl j_>c—Jl _^d>- ®. J~ >t ~ 3 U~^ (JJ-^Vl ^^-9 f-LoJJ 

j^c_J1 4 _J_o«p c_^JJa_o ^J^ . 3 I j.^c_J1 ^ ^-^JI ^ ^ a^i«j ^_J1 

oj-o 200 J^L*J o j_aj ^/?a>cJw<JI ^3 j_>tJ! oLw« oJLsjj .^j_w«Lp jJ5I ^ V^ 
L ^^JJ I15 J-L*_oj j_>c_Jl gjg-^ ^ ^Ajj\j L IjLpLo Cp'I/*)J>’ 0^_3 

jJl ^3 OlJ-JJ oJp Jj>-LJ| ^JjSjj 


(1515) 


!j*)Jj t 4^yg_>- <J jJ ^lp J jJg.yg_.oJ I oLwoJl J jJ>C_Jl jJl Ojj jJ 

, ^r.lg.*Jl 4 jJ_J| oLwJl d-*d>-ljl3 t^^_^iVl jgxJl ^JJ-w«jI Ajl^iSJl 4j>JlxJl oLwJl 

y~S>- ^jjO |J_& Jl5"j .J^_>C_wvJV L> 0 ^ J^Vl jd>C_JJ *U2_^0-Jl oLwoJl Od>C-wJj 

!pIJ g-Lw- i _5^' ^Jl A^*ld>Jl ^jJI J^Jd>JL> J Jgd>Jl 

.aajLJI 4_>JJl oJJl 


>ljjJL; 


jwJlj ^Ul cLLLa J_A_3 ‘l-Pj J-* JL5 |J_A 1)1 J_j V 

^ULsLaJj 4JL*J oL^>Jl Jw^ 3 (_5^^ (_5"^‘ J (J^ 9 (J^^"^ ^ (jLSLJl 

I ♦ I tl 

J 


o j-2l 5 oliU-J 1)j-5J 1)1 ^j^Jj .j^U^Jl |tJ-^j j->Jlj olJlj-^>J 

130 ^jJgsJl J-*_j J jgrJl ^r-]g..>Ai ^ ^_4 jjI J-J-9 ^ J ly^-3 ^jp jJgJ*i| 
^g^g»- ^(J^° 4 '-*->=-J < Jl ^2 jIA d>-JIj olJLv^Jlj c 4jw^i 14000 Jl JtA5“ I 


W. Ryan and W. Pitman, Noah’s Flood, the New Scientific Discoveries about the Event that (1515) 
Changed History (New York: Simon and Schuster, 1998). 
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4 —^^.j i i *y i ^j l^-»»o c ^/$, a /3 & s* ^j- , *«'*^ *y i l^,J 3 Lo v i ^^c-j i 

jLyfl-w4.il jl L$ ,w»w£ J 0 jJLaJI ^3 4-oL>- ^-4 Aj ^4>l_> ^ J-^>- ‘*—-'dJl ^ j-dJ Cj-*-^ 

cJl^Ij . (1517)(1516) LJLp L‘jl- ^ jJ i^-Sfl ^Jl jiLi ^Ul 

0 J_* oj j-jj . ( Jww>- J_^>- Hr 6 j->e-Jl 0 1 yg *9 oNjL>^JI 


J-*_) 


4_*J2jLLa Aj jA j-w»> 4-yfljiS' tbUdb Oj^Jflj .LiUjj Lj-*J 4jjbCw« 


laS" 


( j^_*^Lj>-I jJl ojjJa-^lj <.3*>jwoJl 3400 j»Lp ^Jl^Jl iLL,^ ^jLII j->s-> 
^ Ut-napishtim ^-clLjU - 01 4-^aS j ^ l* 3 % ^ (Athrahasis) 

t aJL^JI (Deucalion and Pyrrha) lj jJISjj 3 j C ^^L>tij>- 4-oJ>cJ-4 

.iJljjJl oUsLviJlj £jj 4 ^ 2 ij c (Dardanus) ^jJbj.* 4 ^ 23 j 

j/J l |j-^~ 4 -*_,(. Lx5"L-*» LoJLp j-CLPI LJ A-oLa^-wfl-cJl olj-w*jJl 0 J_* C-oLS" 

*~s” 3 *y 1 1 w\_] 1 1 0 i_a/2^aJ i j |fj 1^43 •<>«-> 

Jl>Jl j-* jjJJb .^-jJl 4 _v2_L>o ^2fl- j-*-oJl ^Jl*Jl aJJ| (3 j-^l b-tlP 
^3 ^J^Vl j^*jJl (SjiJ ^ bj^LlS" 0 (_£jJl t C^->w\j>cJl ^Jl*Jl ^5 

flJj>c_> jl L^>UJ Id-* jl J C ^IjwoJl j-w*_> jJ^. Jl br 5 * 0 aJL-*> jb" 4-^-wJgJl 

jl jdsJl cjl ^JaJU*J AA-wJa.ll jl j N j j jZSj .^JLlI Id-* b^* ^dl-^l 
4-wS jC—wS”^5 ^1-P 4-Owg-a ^wP j-o-*Jl 3j-w23 4-wv^jl oLjlJLs j-^wJl jl 

jlwLi^a j|j .4 _>j_JLj oj_3 ^1 bj- 4 ® J~~~^ oLfl-Ja 4^A_w_JaJl ^j-dJl 

b^> Uajl ^>ej| ^Ja-w*i (_£jdLwsw^j ojl^>cJl 4 j>-j 3 ^3 4-w^LboJl AXjJ_> j| olj-wijJl 

b^JJl ^j-^JJl br° j~~* c->l-LiiA-o M Ij^ j .aj-uUJ I j-*_i Ls oLwLo-*Jl 

. J^>C-J| ^cJa-w» ^^JLww>3 ^LL jl j ^^Jl jl_^ •yi c_> jLwvo^/i ji j^p-L> 

j?**- Jl ^Ja-w*» ^jdLwsw« CjIaJj ^JjwJl j^xjj 4-wSwsljw}w\Jl ^aj'yi C-J->e-w^ -Lai 

^3 (Hutton) jb^°^ dj->3 4-w>-j-w>jl C->LbSJl ^3 I-L^- j\_w>c-wvJ 4jLvaLi>tj!j 


R. G. Lighty, I. G. Macintyre and R. Stuckenrath, «Acropora Palmate Reef Framework: (1516) 

A Reliable Indicator of Sea Level in the Western Atlantic for the Past 10,000 Years,» Coral Reefs, vol. 1 
(1982), pp. 125-130. 

K. R. Ludwig [et al.], «Sea-level Records at Approximately 80 ka from Tectonically (1517) 
Stable Platforms; Florida and Bermuda,» Geology, vol. 24 (1996), pp. 211-224. 
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jJLwvwoJ oC jL *_Aj^-j j . j_JLp 0^JLlI ^>-1jl 


o.^j . (1519) f U 116000 JJ jJ>H\ ^oJl>JI ^ lo S yJi Jl Ju_* _^>kl 

^3 4JoLj dM y*-> iiLwA (1)1 C JaJLfi (1)^1 ^c-w^' J tjl ^^oJL^-L 

d^wvwsJ y0 \j .ytPj')! I ^^J-P oLw^cJlj ^J>c-Jl ^j g -^ (_£yL~»~a (_5^j Ojl 4 L>-j3 

(1)1 ojj o*L& .j! y*S3j j jJaJo ^_g_9 4_lS”Lw*» 

*^]g| j-Ji ^3 4^jJ_*^ a A-J^aj oLuojJ Ul JL^\ ^3 jAs>xjj 1 .olj^lll (1 )jS y>y jJi .Jl 

jJLa jJ-^ 500 J_*_j ^_1_P t kLoJ->cJl (_£ jJLvvwoJl (3 jJ I 1^0 *L^_>J_9 

^jjLwv^ ^LaJjI (j! IJ-& ^y~*jj . (ajjISJjjj j <• c cJLLoJl ^Jww--w*' ^Lp) ^Jo-L^Jl 

y>-\ (JlLaj .i. -o^jj| ^s^?LoJ| ^9 JljJ. j>- L^Ia^oIj 4_*_wJ^J| 4_^v_)LJ l j ^g-c-Jl 

IjjL (HuonPeninsula) j jj* *ji'yr JjjjUJl jj* 

. ^jZ*j JgLio ^ ol o j _&j c Owb j_>cJ1 

. 0 yfS J 0 AjJ-g- 4Jj>c_vg 4 _oLo CjIJLo j_>c_J I ^Jg_*^> (_£ ^LaJjI OJj> c_> 

^I— Aj^ 1 QwL^P 1 bXjI y*~^ 3*^ ^P 3 ^ —-1 QI ^ I I ^ 

w\_>l^>J 3^ ^2u ^ yL*^a yhA >c-J 1 1^1^ .j->c-Jl ^ yL^o ^3 

^ ^ S* ^ ^ ^ -3 ^ ( ^ I I ^3 1 J li^C»J I ( ^ ^y2Jl>X-3 I ^ • 0 L>JJ 

12 J-L>cjJl Ij_A ^9 jj>c-Jl ^Jg-^Ai ^jJLwvw« ^»_*J 

^gjl>cjlj .y^-^l ^9 jL>tJl ^ yi^Ji y*Sj L-li L5^ 


a_j jLi <j j_wL>- ^_j \Jl^p 


,LJI 


^ ^ 1-— 1 1500 y^T * ] i ^T ]g « 1*1 

I y*3 ^3 J_) IwLSCaj . J-J^s-cJl ( /^s C^l J_L_S” ( JwoJ>- C-*J>CJ OljLi C—3 ^p J 0 

yL^a ^yO «LA^3j wLJj>- Aj>i*JLai0 *U_L>-L^Jl ^Jgl-LoJJ ^^jJl ^LL I 


C. E. P. Brooks, Climate through the Ages (R.V. Coleman, 1926). (1518) 

W. Dansgaard and H. Oeschger, «Past Environmental Long-Term Records from the (1519) 
Arctic,» in: The Environmental Record in Glaciers and Ice Sheets, edited by H. Oeschger and C. C. 
Langway (London: Wiley, 1989), pp. 287-318. 

J. Chappell, «Geology of Coral Terraces, Huon Peninsula, New Guinea: A Study of (1520) 
Quaternary Tectonic Movements and Sea-Level Changes,» Bulletin of the Geological Society of America, 
vol. 85(1974), pp. 553-570. 

R. V. Sole and M. Newman, «Extinctions and Biodiversity in the Fossil Record,» in: H. (1521) 

A. Mooney and J. G. Canadell, eds., The Earth System: Biological and Ecological Dimensions of Global 
Environmental Change (Londom: John Wiley, 2002), pp. 297-301. 

N. Christie-Blick, I. A. Dyson and C. C. von der Borch, «Sequence Stratigraphy and the (1522) 
Interpretation of Neoproterozoic Earth History,» Precambrian Research, vol. 73 (1995), pp. 3-26. 
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. ^LajjL> jS> c-Jl ^Li ^3 jjjJl Aj J C ^_>c-Jl ^Jg-^x 

.^Cs 100 ^ J>tJ ^>c-Jl ^Jg-^ (_£0 ^j\jS^/2 J ^O 


l>Jl 




c JLuJl ^_Lp) j_>e-Jl <_j j_aJl_> JL^JJ j_JlJI 

^Jg->^i ^^l*^3 ^3 ^L>c>3 ^LLjI c ^^Jl I^ o^*^Jl ^jLL^gj 

^ ^ S*J^J J ' wd.^E»3 j ^|-«./gi a/>■ 1I ^ I I ^*r lg *ai i - - . ■** J • ! 

4 C 3 I .5 *—j-^ 5 <^1 w\_L>cjJl jys *^>-La4 ^-*J <1jJj>~j .1 650 j->t-> ojicJLa LA/gLig*ol 

J ^->C.A./g.Il dw wwaaS" ~Xi J C ^^JLll dyg-OJ> jlgtjl Co LS" Looj . jj ^3 A*-yg-> (J j\j>“ 

JCp 4_L>c_A/g oL-a ^3 ^Lp d^bfl 4_x_yg_) j j\J>- d~LS\_CJ Coj_>^S" j jJ>c_yAj CJ-J-P-cJl 
C0 2 Jl jl5 tcJjJl OJUi Jj . (1523) JiSll Jlp y^Lo isrj* 40 J^ 
cdJl ^3 0.0385 _> cjjUEj cLoJl ^3 35 ^^J} ( J^*gjj < cdJl ^3 10 jJLS"! (_£j->sJl 
.Cojjj5sJl jjO>tv2Jl ( J^5oCo J j\i>- C j_l3 O lJg.A.>c^oJI do IS" JjJ j . ^ j>J 1 

doLS"j .JoJ_>ccJl v^_*_o? ccjJ_>J l co>JL*JI jL>cJI ^Jg-^o ^jJCo j^-xJ d)} 

^3j . 4oCLogjVlo CAygdLa ^p| cLl^.1 ^*»Laj CgLwoLjLJl ^_sl 


^lCs ^3 olil ^Jg -La ^j~wo 


La* 


<T 


Ul j>ll 




4 J 0 J_>eJ! ^-v^jLc<>Jl ^Jo>-*jCaoj . ^I^-* j/l jlol Ooj3 c clS'Lwo 


jl ^LiJJ cc^jjg_ v g'yi jUJ^L oULJl JJJj (Echo Sounding) 
j^3 j-o3 olwLoJl ^v-oLa« JgLsgxiJ C>-L>- iiLwA idols" .V*~a 

.o^lp ci>o !*i-&j .oLjIpcJI Jio c l_AwbJ j>cJj i I^La j 11^>- jj^}j t 

CoUgg-cos 43^Aos aSs-aCi j^>cJ|j doji ^j^oLaoo jL>c-J| ^jJdoa ^Uoj 

oL-oLc ^Jg_*oj .Lo>-jJ^-o>- 0 jiCo j c_5^ LgJwo jj-So t cjj>-Lw*» 

^LUI ijiJ^ O-Aygo jO>C-Jl ^r-]g.*Al ^ ^Cwv03 ^LL jl CA^3jJl C-P LxJg-yg j/ I jLo^'yi 

LpIajjI ^JloJl ^Jj0 J^S *J >*-j 4g*o>t-vg-« olJLo d-oJl oUa>coj 

^ diii (1525) 19 8 0 fU Jl 1900 j»U Jo j»UJl J ^uJL 1.8 ojIjao 


P. F. Hoffman and D. P. Schrag, «The Snowball Earth Hypothesis: Testing the Limits of (1523) 
Global Change,» Terra Nova, vol. 14 (2002), pp. 129-155. 

C. Cabanes, A. Cazenave and C. Le Provost, «Sea Level Rise during the Past 40 Years (1524) 
Determined from Satellite and in Situ Observations,» Science, vol. 294 (2001), pp. 840-842. 

A. Trupin and J. Wahr, «Spectroscopic Analysis of Global Tide Gauge Sea Level Data,» (1525) 
Geophysical Journal International, vol. 100 (1990), pp. 441-453. 
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j/j .A^si>LoJl 3000 Jl oL^^vwoJl ^jA La j+s*j oUU -ja ^ja oL^LJj 

0JiJl ^->c-Jl gJa-*^ jJLwj) ^LLjl ^_3 ^jLu (J *L^>c_jjLJ dJj^u 


(»U ^ jl 


I (J j\J>- jJ>t-Jl ^ jJLws^a Jjjjjl I._43 jj JL3 J . j_JL*Jl 

1940 ^Ip Jl 1920 


(1527) 


J ^J>c_)lj —Co—) I O 1—4^ {_y*^ I \s « i«j ^ ^ a i«„i^ .£ J ^ 9—3 jJl wl_j —1—I 01 

3 Ij.p j/ ^JlJ-><Jl J*j-oJl J*->tXs oLjLp-UI ^j>s j>tS 3 j*-*j j-*-v^JL> e-^J-* 

4_La_>c^j C-olS* t(JljLo-)l ^J_P .<lJ-P -b»2L*_> CoL ^j-oLdLo-S" -LoJl 


J>c_~J j c(LJljJL^-l) (Adelaide) JLojLol lJ ^ jJb jj_JIj ~bJl ^Li 

^>tj| ^r.)g*Ai ^ ^1*^3 ^3 LpIjLjI JLJLj 


(1528) 


J*>U>- iLJ^ 0 J*>U>- ^Ljl J JLjI J| jj^>Jlj -uJl ^v-olJLa ^J>cJ 

1 0 jjL*woJl Jl 4_sL2jL> l ^j-oL^oJl J ^.Jg.1* A j 4_3jJl Jj wLJo ^*«w a j^p\ 

]g..4 3 j^PxJl^ -LoJl ^j^-olJLa ^JL t dU.5 ^J| iiU^J .oLp cb-L> e_j ^ I j_A^ .^A>LjL>-Lj 
Lo J (1) Jb L)Lp J C jLxJl ^jA 0 jAH*^A jsS* 0 jZS Lo J^lb ^3j .*lJ^>c^j CjLw*>LJL 
(Ephesus) ^_*^3| c (JljLoJl ^J_p) a_*^oLJI d—*-4_ijl <. Lyg-*-> l_^_yg_x_i l-b>- 

(bj-j <• «^lj j!bj 


(1529) 


C L»JlJ C jLbJl Jw—*• ^J-p) 0-3 Jl Ows^2_4J>cJ I J 

^j| j o*i .Lb-L- Ls ^^3 

“>UL^ (King Attalus Philadelphus) ^^jJU! l»L5 

, ( 1532 ) UO' 


15 c (1531) UAJI ^\ Jj . (1530) (L5^- 

t-il-L-a jl 


P. C. Douglas, «Global Sea Level Acceleration,» Journal of Geophysical Research, vol. 97 (1526) 
(1992), pp. 12699-12706. 

S. F. Singer, Hot Talk, Cold Science. Global Warming’s Unfinished Debate (Oakland, CA: (1527) 

The Independent Institute, 1997). 

A. P. Belperio, «Land Subsidence and Sea Level Rise in the Port Adelaide Estuary: (1528) 
Implications for Monitoring the Greenhouse Effect,» Australian Journal of Earth Siences, vol. 40 (1993), 
pp. 359-368. 

J. C. Kraft, S. E. Aschenbrenner and G. Rapp, «Paleogeographic Reconstructions of (1529) 
Coastal Aegean Archaeological Sites,» Science, vol. 195 (1978), pp. 941-947. 

P. 1. Kuniholm, «Archaeological Record: Evidence and Non-Evidence for Climate (1530) 
Change,» Philosophical Transactions of the Royal Society of London, A330 (1990), pp. 645-655. 

Acts, 19:1-7. (1531) 

J. Murphy-O’Connor, St. Paul’s Ephesus: Texts and Archaeology (Collegeville, MN: Liturgical (1532) 

Press, 2008). 
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I JZa j55 24 J-*_> ^1p 0^1 *1 j5a>-1j lij-oJl <=-5 oLp! l)5j jJl tJjL>-j 

c <tLx*Jl cLL^> 1)55 c LwLJj .y> c-Jl a,** ^jjLwvw« (3j55 c ‘U^oLJl ^j5-5 

^1 Jbjlj C 0>Lo^_ jL5_v2 jj^jj .1)^1 jLLsLi ^-]g-^*> ^jJOwS ^j*A ^jJ?A>~\ 

^Oj i ( J*S\J^\j t(o5oJlj cOLv^ jZ .llj C 5 j J?}\j C J-Jj>cJ| ^°) J-*_> <OuLj| 

5^_>oJl 2)1 Lo-5 .j^j> cJl_^ j^jLaji o>5a» 53 ^J2>l^-*-*51 o> Iw^^ai 1 

4-P ^J^XSsjJ I _jl jAS-*^J S )l I ^-A_P ^5p (J . Ly^ 1 — 1 1 j^xZj OaajLJJ 

^5?^ cJj_p c^ww- c (Figi) Jj-5 J5-5 (Vanuabalavu) ji^/UjJli 


. Lg-15 jJ^*cJl 5pLoJwO C AO^5Jl j^>cJl 

^■Jg.*.^ (1)15 5 j-Lpj . 4_*^5IjjLoJ 1 ^j5_U 4_>c-Ju jl>^Jl 0*1 j-^A-> <Zj*Xs>zJ 

jJl>bJI J*Ai>- j_Jj>cJL> ^L^Zi 4 j>-jz 50 ^j^-5 5 oj5JJ ^JLo5L)l c-Aya5l 

Oj>u 4_mj l—J1 o>Lpooj5 c 0-55 ^Lp 14000 116000 ( J^o j-^-Vl 

jj^>t_v2Jl a^a-5? l)}j .o'yi wL5_>JI ^_j 5 (1)1 j-*_> AaaoLJI o—*-aj jj 

L^jli jJl 3 *Ai > - J-Jj>ciJ ^jl oji 0-55? lilj 

Oa5j^I oUUftJj'yij Jj^jJl <5 >Jj>cJj .j^SzJ L$Jli c oL>c_ 9 oji oJLl? lijj .JOJ 
j-UoJl J*AJ>- J-5 _>JLj olIa_i^ oJl5 ^Jl j^LoJJ ojj C ^ ) ' J AM ^\-Q L»^ wC^P 

^.Lp) j-* aAjLai^JI o5 L«! .55 jzzz^a o_v?jl o>5L>c_>jl 

( J^_aa> ^J-p) oi o j-*^j (IwL)5j c IwDJj j55»I j <. L5 5055^1 c 5 LloJI 

^li o} 5>5 c (IjJlL >*• 5j5>-jIw\JI ^_p 55>-Oj l I jjJ jj& l 

OvuLJl (_£ ^LaJ jl Ojl J-5^ lA_A . Lyg-jj jLo-OJl j->e_> 

. ' j*^* ^ * /2 w\^ Iaa-wO ^^C-2 I ^T 1? «AJ ( jl ( ^ L»£ ^ L^C-21 ^ ^ J)aaw^ 


Lo5jo5v_aaiI 5_j>c_Jl j_*_j 5s 


jLJI 


^4-jLjjI jLi-^s (jl 


^ ^UJl j Jl (Turku) jJjjJ ^ JjJj 
^ jOa^s £LLjN 4j>c-o5 ^aa 5jJl ^55 o'yi ^JuviaOs j-^j isjjy>- 


(I535)(l534)t 


(1536) 


Ijjjci 
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L. B. Clemmensen and C. Andersen, «Late Holocene Deflation of Beach Deposits, (1535) 
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H. Frost, «Some Out-of-the-Way European Maritime Museums and Developments,» The (1536) 
International Journal of Nautical Archaeology, vol. 4 (2007), pp. 143-13. 
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J-Ji jj jSjjj li jjz ^3 wLoJl jawO IJL* i)\j .^-UUJl J-*_> L* <L^*oLJ| 

c o jij^T ^ j-^5"^jJLws^a ^3 c ^L>c^ ^LjJjI 

^jJl>J| J-*_i L* ( /^s ^XXjj .^l*Jl ^3 Ag*-lj *» (Jj-*^-i £_4 j y Lgjjj 

*Lw2_s ^Jug_3 .LoL^Jl c IjjJ y& Jg yy^ ^3 

S<L*}j5 a5Coj>c^ 3 ^]l l^_*3J i 


^jJL^J ^LaJjM 4_>^ 

^jSm ^ uujji l. 

^jLLs^> pLo-> ^jULJl ^_3^Jl 

4^J| J ^J>T .yg 1 I dJ—O—^_Lp 


j aJL 4 w w^-_L*-J 1 £_g-lj-o—^ ^-3 j-Jl ^J-JU 

.—j ^_>c—Jl f-LoJ ^_sLyg^M d)j^_Jl d)l_3 c^_>c—Jl Q-la .aai 

"(1541)(1540)(1539)(1538)(1537)„ , *, 

ojjL>c^oJi 

LpL&Jjl 0 ^_^}_ygJwoJ! wC*_L>c_ll 



(1542) 


b}j . -JiSfl ^^Jlp \ yL*j-LS 670 £_ LJ ^jVl ^Lki- 

• I ^T )g* a* ^ J/? tf >c-Q -A->2_2 c A*«*u L5! 4 j ^ I 

1-UJ^j j (3cJL owJo ( /^s 4jJJl>J| -L*_> L* jj>c-Jl ^Jg.*A> (_£ | /j_wJ 
^>c-Jl ^r-]g,.>Ai ^^3 oLS" LygLig-ol^ LpLajjI 53Lla> d)l ^Lp 11000j 21000 ( Jw*_3 
.jLl^ 4^ >*JI ^k^ kk^~* kk^ jSZ jl . ( ) yLJ\p J Jd 4,U^I 
(. xJl^JI c (j>Lp 19000 _ 21000 ( J^_s) (_gy .3 ^^Jjl ^La5jI j 4 b, jj 

^Ip 17500 __ 19000 js>c^\ ^^Lws^J ^LLjlj a^vuLJJ ^ 

i y?\jL>^)\j 4^»voLwU ^LiJjlj c J-J->c_U ^_>tj2^3 d)lJ-5_3 j (^Lp 14000 


7000 


oLpIjcJI oJ-& jJ>-jj ^j .(^[^ 13000 


14500 




A. L. Bloom, «Pleistocene Shorelines: A New Test of Isostasy,» Bulletin of the Geological (1537) 
Society of America, vol. 78 (1967), pp. 1477-1494. 

R. I. Walcott, «Late Quaternary Vertical Movements in Eastern America: Quantitative (1538) 
Evidence of Glacio-Isostatic Rebound,» Reviews in Geophysics and Space Physics, vol. 10 (1972), pp. 849-884. 
J. Chappell [et al.], «Hydro-Isostasy and the Sea-Level Isobase of 5500 B. P. in North (1539) 
Queensland, Australia,» Marine Geology, vol. 49 (1982), pp. 81-90. 

J. G. Gibb, «A New Zealand Regional Holocene Eustatic Sea-Level Curve and its (1540) 
Application for Determination of Vertical Tectonic Movements,» Bulletin of the Royal Society of New 
Zealand, vol. 24 (1986), pp. 377-395. 

M. Nakada, «Holocene Sea Levels in Ocean Islands: Implications for the Rhelogical (1541) 
Structure of the Earth’s Mantle,» Tectonophysics, vol. 121 (1986), pp. 263-276. 

M. Nakada, and K. Lambeck, «Late Pleistocene and Holocene Sea-Level Change in the (1542) 
Australian Region and Mantle Rheology,» Geophysical Journal International, vol. 96 (2008), pp. 497-517. 
A. M. McCabe [et al.], «Relative Sea-Level Changes from NE Ireland during the Last (1543) 
Glacial Termination,» Journal of the Geological Society, London, vol. 164 (2007), pp. 1059-1063. 
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^ ^ -3 G I ^ ^ ^1 » *M ^ ^ l ^T 1? * .*> ( ^ ^ C «-Uj_^c_l 1 ^ ^ 3 I 4_^_> I 

.(1545)(1544)^ L J )j J^jJ^I ^SUjJI 



jjlj .<u-si?li! ^Lp 9000 —Jl j^>- (jl^VL) L>JJl^-**»-L *-j Lo ^LcJjl ! 30 ^J^-sxJl 

o!Ju J»^- iJugi* -U>-!j j jL»> 

jj_Lo c ^Lp 1000 jjLS"! wA_L« jj_>JjJjl-S"j • j-*-> I^-L)J-& jl 

( /^s|j^J LjJJ-P pLoJl jL>cJ2jI jC <LolJ»& olj^>-Uaj *Ljl jjJ>c_v2Jj t (^^LJ>- 


K. Lambeck, «Late Devensian and Holocene Shorelines of the British Isles and North Sea (1544) 
from Models of Glacio-Hydrostatic Rebound,» Journal of the Geological Society, London, vol. 153 
(1996), pp. 437-448. 

I. Shennan [et al.], «Relative Sea-Level Changes, Glacial Isostatic Modeling and Ice Sheet (1545) 
Reconstructions from the British Isles since the Last Glacial Maximum,» Journal of Quaternary Science, 
vol. 21 (2006), pp. 585-599. 

E. Niskanen, «On the Upheaval of Land in Fennsoscandia,» Isostatic Institution (1546) 
International Association of Geodesy Publication, Helsinki (1939). 

V. Eitner, «Geomorphological Response of the East Frisian Barrier Islands to Sea-Level (1547) 

Rise: An Investigation of Past and Future Evolution,» Geomorphology, vol. 15 (1996), pp. 57-65. 
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IjjJ4jLoJ| ^3 40 j_>cj ^j-Jl £-4->J .JjwLJLJI j^j>cJ|j wLoJl £>3 c_4_s^l j_*J| 

^LS" 2000 ^51 c3j-k4 ^oj>cjj cj^>*c-Jl ^.lg*A» ^C—>o 

A^pljjJl 4 _*^oLJ| ( /j>j jLlSC-a 580000 ( /^3 jiLSi ^4-v^j j J>K ~ > c^LirJl 

. 1200 j»lp >XLa (jL>»JL)l j>tlj 

1287 /JjS/l j jj\S 14 (St Lucia Floria) L^JjJ LoL- jl^Li Jji 

du>Jl jli(Zuider Zee) j^jj J-S^J j c 80000 Jl 50000 ^ U 

JU-^Jl Jjp) (Grote Mandrenke) ^^ScujJJU ^ j cJIS' j . JU-^JI j^p j 

25000 4jjLv2_pI 0^.3 ^L )J *IP (jr&\ 

Li” . ( JwalSvJL> <u^ijjl 60 j l (iJjLojjJl) (Slesvig) ^as^L^i ^5 <. ^ysj> 

L jJ Lv^J>- 1421 /^ui ^ j_*Lp ^Lli! ^.3 aJl^p Ip oj-o 

^oUjj c 1916 ^Ip (_£^-5 4jLv?Lp c 10000 j^>o 

c apIj^IJ a^xJL^? ^v?ljl jLSC& 400000 c 1918 ^Ip ^w*w 2 >j *Lj 

t jjjsj_LS" 300 Ja^- c 4^p|jjJl 3*>Ul 4JL*Jl j->L 

. <—>jJj>cJl oLxjIj ] JLa ^LS" 85 jJ>tJ Ao-> jjdl (_gj jwbjj 


J™- Jip) VoLJl (Extraction) 

t JlLJl ^^Jp) Jj 


0 j-^5" J 

j^****+^a ^ c2l^-^jL> t C -3 Lwo-J 1 


^ I j^ALo 11 jj>dj (Submergence) ^p oN-U-a 






*LJl ^4j-o i>jU (^L^Sg) (Galveston Bay) j^^iJlp ^ 

Jaj>- ^y> (Subsidence) j\ jj-*Jl . ( 1550 ) ^iL™>cj^lj tJj^^lj 

<tudgjw^ ^JlS" o| Lxj^jL5" jLs/ 2 -pI Lo. 5" t ^jLv 2 _p^/I J^LJLJl 
LujjLS" jL^.p 1 0 Lyg-^jaJ 1 jy*~* ^j-oL^SL 

iL>wUj| C-J15 c2005 j>Lp ^Ja-^pl/^l ^ (New Orleans) jJLJjjl j-J 

.J^-lj ^>3 j l^_> <1j j^xP l^J^>- I A^JaJ^oJ lj 


S. Van Baars, «The Causes and Mechanisms of Historical Dike Failures in the (1548) 
Netherlands,»(2007). < http://www.geo.citg.tudelft.nl/vanbaars/research/dikes/historicaloverview.pd > . 
H. N. Van Lier and F. R. Steiner, «Review of the Zuiderzee Reclamation Works: An (1549) 
Example of Dutch Physical Planning,» Landscape Plan, vol. 9 (1982), pp. 35-59. 

J. M. Sharp and S. J. Germiat, «Risk Assessment and Causes of Subsidence and (1550) 
Inundation along the Texas Gulf Coast,» in: R. Paepe, R. W. Fairbridge and S. Jelgersma, eds., 
Greenhouse Effect, Sea Level and Drought (London: Kluwer, 1990), pp. 395-414. 
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^ ^3 Lp15jjI jjjJ ^3 j^j>cJ|^ wLoJl 0^° 

(^3lj C ^lp 14000 Jw-3 ^0-^1 jJj>t5l 4_>1 ^j ^3 y> c-Jl ^ £_4jjI 

j^j <1)15 L* 3 j_pj *<-^1 4_> j-5->c_> 1 oLJL)! j-& ^5 ^Jl |j-&j .*LoJL> jL^'yi ^u>-l 

5j ^3 ol*JLU^^4 jJ^s-cJlj J^oJL LtlxLa jLy^J 1 4 j5p oL>s 

t j^->LJ| j-^_> ^_3LLv^ ^^Lp (Londonium) j-ujJJ jJ d)l»jjJl ^-i4_La 

jy>-j A^I^LoJl c_4-yg| j-*JI 0^ ^jJI ^L&jiJLu l)I d)5j 

Cy’J jbjj^Jl ci ^«-> jJj / 1551) li j£. C~~- U 1 


oULaJ j ^-oj 




d)lj . (LUo 1 


15 lgJ5 IjJlL>o| (3j-^ oi d)wijJ jLSw 

-yg-j j-*-j Ly£>Ld_>cj| IJj5jj55-*»'y ^j-Jl>JI J-_*_i 
j»lp ojuu _ji ^ jLual c*w2_i->5! Ji ^Jjl J^LJl 

jJ 4_ygL>oj) | jjd->oJ J*S> ^jjs A >cjo Lo-Lo C IjjJj J-S5^>l £-flj j-JJ 

(1557)(1556)(1555)(1554). ., t, ... .i„ 1 ^ - . t, 

. 4_u Laj jj) Osj ji I J-*j IwLj>- (jj yo ^ 


Lo ^JUj^ I 

<y 

(1553X1552)-^^ ^ 650Q j, ^ 


^Liil j jl Jl Jj^I jJjJ j-—->- i_5 j-~~^ •'-*J 

o A.J o ^ ^ *** 1' (_J L aI ^ ^y I 4 l^^p I i.. -.. I L«^*> l_^> 1 ^_3 Lwv^^tj I c L5 ^ • ^^wm^p 

oL_^Jl ^\^ jJj (1558) (London Bridge is Jailing Down) jLf^_> 

. (1559) joJ J> ^ Ij ^Ljwdl <-51 jLv^ ^ Cf° 

jj>-L>- l JLo— iJl y >v - i l 3oLyg^s p 2000 

.2030 j»lp ^ ojuJ LLo->J L^o ->-UJl IJl* jl5 . (1560) 1984 j»lp 


A. T. Dodson and J. S. Dines, «Report on Thames Floods and Meteorological (1551) 
Conditions Associated with High Tides in the Thames,» Geophysical Memoirs , vol. 47 (1929), pp. 1-39. 


F. W. Dunning [et al.], Britain before Man (London: HMSO, 1978). (1552) 

K. M. Clayton, «Sea-Level Rise and Coastal Defences in the UK,» Quarterly Journal of (1553) 
Engineering Geology, vol. 23 (1990), pp. 283-287. 

A. Savage, «The Anglo-Saxon Chronicles,» Crescent Books (1995). (1554) 

Matthew Paris, Chronica Majora (1236). (1555) 

John Stow, The Chronicles of England from Brute unto this Present Yeare of Christ (London: (1556) 
[n. pb.], 1580). 

Samuel Pepys, The Diary of Samuel Pepys (London: Cassell, 1666). (1557) 

G. Wilson and H. Grace, «The Settlement of London due to Underdrainage of the (1558) 
London Clay ,» Journal of the Institution of Civil Engineers , vol. 19 (1942), pp. 100-127. 

J. F. Poland and G. H. Davis, «Land Subsidence due to Withdrawals of Fluids,» Reviews (1559) 
in Engineering Geology, vol. 2 (1969), pp. 187-269. 

S. Gilbert and R. W. Horner, The Thames Barrier (London: T. Telford, 1984). (1560) 
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ijl (J^- 3 ] ccS^y i ^,<g a>«jJ jjjJ d-JljLaj 

.«u>j *y ^di wll>cjJi oaJ 



*\jJ A _;LJ! ^Lfljjl UpLJL> j C ^Lp 14,000 ^jb*3 J-JlLl jljJLi ^jjtxJl .(^>jJ2j) *LJbM 

.JLii-l jlJ lA3 


» ^ ^ w\_i2-j 1 ^ ^ ^ 1^ ' ^..«.** ) ' ^*«»lO i»j I ^T 1^ * A* { ^ »W^Vw^ 

J-*L)^ j**Sj jL>c-J| ^3 OwLoJl Ja^>c^3 

(1562) 


^ iJUj 

^((Yarmouth and Lowestoft) cuijju~. b jJj cL> j-»jL>) j J 

^3 1.8 yj *• 1 jJLlp-Ij Il& ^LLL)I ^SL *■_<JjL>- aSj 

cjLsj j }\ 4_Lsjl JJwO j»L>Jl 


J^r- ^4^) l5j-=~' i - 9 y4' (^a- 9 pj 

i_5^ jsJjty j^yjaLiJl j! t(c 


(1563). 


"JJ^J ‘ i 


(1564) 


r- 


M cJUJl 


(^jL^S”j^j t _y 1 y^ 12 (. Jl4oJl ^4^) 


T. Sheppard, The Lost Towns of the Yorkshire Coast and other Chapters Bearing upon the (1561) 
Geography of the District (London: A. Brown and Sons, 1912). 

C. Green and J. N. Hutchinson, «Relative Land and Sea Levels at Great Yarmouth, (1562) 
Norfolk,» The Geographical Journal, vol. 131 (1965), pp. 86-90. 

C. Green, «East Anglian Coastline Levels since the Roman Times,» Antiquity, vol. 35 (1563) 
(1961), pp. 21-28 and 155-156. 

E. M. Lee, W. J. Hall and 1. C. Meadowcroft, «Coastal Cliff Recession: The Use of (1564) 
Probabilistic Prediction Methods,» Geomorphology, vol. 40 (2001), pp. 253-269. 
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-LoJl d->Lw*»L^3 JLo-*2L^I J_LP IJl>- *}L>LLLa (l)^-^-> (1)1 * ^-oJl ^J-P 

J~a*)/I A_L)jJg oLw*>LJLJ! 4_v^j_ 9 (jl .Jwdj|I A_L>jJg y> c_Jl olj^>JIj 
^Laj/I a_L>j^j>cJIj wLoJl ^j^LJLa ^Jg_*^a j;\zj .JL^oJl aJLsjJI 

c JlLoJl ( Jww-<a< ^-*^1 oJ->cJLoJl oLNjJlj L>jjjI {j-* Lg-dp 1 

A_L>J-a ^3 ^A_**jJl ^>tJl ^f.lg.*Ai ^ ^'LLj^ ^JwwvJl ]g «a» ^JLoJl jLS" 

.1^15 103 Jl j^uJl JjU- (mm) >oJlLo 2.9 1995 ^Ip 1893 ^Ip ^ 

C jL*_9 ^>c-Jl ^Jg-^Ai ^ ^A> j\ 3) ^r-]g,.Ai jSLa^>3 ^3 ^LLjl I 

(jl l_3j j^-oJl ^j-a . L*-a jl lL>Jj>c_> 2)1 j\ AaaoLJI ^ jl^^o jjj 

.^LJCLaa»I lLL).} ^3 J jjj^j d^-wvwJj .LJ1 ^j^gLflj>c-jl (S*h ^Jj^Jl j~UjJl 
J^lji CjIS"j_L l_jLLi><Jj .oLLJI l$j (_£jj ^Jl aJL^J aJl ^Jp Lvgj I clU^ j 
jJLo-J_La 6 0 ^>C-Jl ^]g.*Ai ^ jJL*^a ^Lijjl ^a 1 li >Ll>“I La Ip 20 ( /j-a 


^3 jjLo-^U-a 3.5 0.9 ( /^a LaLp 40 J^v^loLS"^J-J 


Jj <. j»L*Jl ^ 


(1565) 


f 


UJI 


j>-3 ^wLj>t ,»m» a >> ‘.j 3 3I A -> ,<g . fl >c-^a >> A_a,^^P' ^-^c^Jl lg **> [ ^ ^a »a l)) 

L^oJlp ^^vjJl ^>s-Jl ^cJg-^a jl^ .^1S"I ^1 5yAS* oAp A^-w*i 1^ Jg.^.>c^a ^JgLwa 

(_£jJL*^a ^^JlSLJI JjL*-Jl ( /j-a j-^5"! olwLa ^_*Lp ^S" jl l_)^-L^ 1 

(1)1 AS-SL^j i^«-^>t3 AJb^Jg tJpl^X3 cJt)L>- ( Ju^>c-wsJLl 1 (1)]^ jLLp (JtAi>- ^>c-Jl ^r-lg.*,^ 
(_5^ jgx^Jl ^cJg-*.A» ^ ^L*^a ^ LL^al (j) . ^Lo.yg-11 0 Vg>x_> I A3Jj 

t Jl lIjIj^Ij c Lalp 18.6 L^JJ-a ^J| (Lunar Nodal Cycle) aj^^JJI oJ-i*Jl 
^.^JgJl j LJL*Jl ^L) ^1 lAg*-l j <■ Jg.^>c-^Jl ^li oL^aijJj c ^-a5”Ij-^^j t c)j^3^lj 

. jgj<.A/gii *Lv2ji>tLa Aj Jj>- L^Ucj I J-^A>LjJ I 


C f-I^JLwa'yi Jgi>- ^P" JU-^Jl ^>-Jl jLwv^a t)o l Lalp 18.6 0 ^3 J*}L>- 
wi_^>Jl ^Lp 2006 ^Lp (1)LS"j ^lo 3L>- -.jL^v^o —> > 

d->L^5" j^>Jl_j wLoJl djIjLo c!a-Jj>- <!l~s>- c Lalp 18.6 (^JJl ^^o-Jl j^>Jl^ 

La jg. Ai 1 Jg.A>c^a (. AA^JjS'j .^L^Lil (_Jg_aJl ^Jl A_lsljJ| oLw<J| ^j-a Oj-^-S" 

.^LwaJl ^>c-Jl wLJj>- JLj 3 Jj-*-a ^l^jlj ^UaJI 


B. C. Douglas and W. R. Peltier, «The Puzzle of Global Sea-Level Rise,» Physics Today (1565) 
(March 2002), pp. 1-6. 
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y* yslaJl s-LoJl y* oLwo-5" Ja 15 JJ*)dL>j-*J ^yj-*Jl ^Jj>“LwvJl y L>j 

ol>J oIjJi>^JI yL*j olJjj y* ^>yJL (Irminger Sea) yLajJ y>cj 

<1)15 Lo~Ll« L*jy*> y5C ^-3 aJl>JI <1)L>j^ <JwL*^ <j! j ^ s - . 4 JL- 3 J 
^J-P cl)LS" yaJilLuJl -UUJl d)l ^»^\-P^M .yy_JL*Jl 0y^ d^L-LotlAj 

lpU g^->c-^JI -L-LJL)I jy>cJlj wLoJl .jL^I a— y y33l ^y^_SCJI j!yc^-^l 




Uy 90 


y® y-*-*5 yy3l gJa. a^» 




18.6 _Jl o5 Ay^-fiJl 4 jJJL* 3I ojjjJl (J>d>- j^Ji]\j (. y^-o-JLlIj c 1 .Ja^lg.,>cJ 

d)Lw—*o ^Jd3bj c y*c-3l oL^»3 y.5y>-*3l ^a-\3l (jlwbwUlJl jy-c3lj -Lo3l -byj .Lalp 

y>&5l ^Ja^i oL^>J L»*/?^P 15yol 


(1567) 


LJ.5 y* <3j5lj d^L^Jl yO ydJl ^j>c_i-<>Jl ylly-LL)l ( _>L>- ^^3j 

(Crete) Cuj5 oyyy 365 j»Lp Jly3j j t(Dubro) dLj-ijyj.5 ^1 J^jJl 
o-LJ» jZS^\ yi^LJLJl CjI js-xJ (1)1 . y>c-Jl ^Ja—*< y jZ*~a <3j3 jll5 10 Aoy3l 
C JLLoJI ( J-™-*> ^J-P) -L^Vl AwOwJ^|j a5j>c-^ oLJwO-P yO L) 


(1571) 


LaLp 18.6 -3l 05 jy>cJlj -LoJl Ojj.5 £A <CwaljJLa (. (oLwaDy-*jJlj 

yJLL^i 6 ^Li_>jl yJj 513.5 y.5y> (1)1 ySdy c A*—*Jyi3l IdLyP 


'-r 


(1572)’ 


ya 90 yiaLJLJl £*>-lyj 


-La y>LJ 


jLk>t-a 


dr" 


CjULo ya 5 jJLp A*_> j ^ 


A-*>l O 


CL->-L>cJl yo3L*3l y>c-Jl ^Ja—a y jL—a ^Ij2jjI (1)1 C A-pIlL?w 5 jLo-5 y®J C jy>-j 


D. M. Holland [et al.], Acceleration of Jakobshavn Isbrae Triggered by Warm (1566) 
Subsurface Ocean Waters ,» Nature Geoscience, vol. 1 (2008), pp. 659-664. 

C. D. Keeling and T. P. Whorf, «Possible Forcing of Global Temperature by the Oceanic (1567) 
Tides,» Proceedings of the National Academy of Sciences, vol. 94 (1997), pp. 8321-8328. 

B. Shaw [et al.], «Eastern Mediterranean Tectonics and Tsunami Hazard from the AD (1568) 
365 Earthquake,» Nature Geoscience, vol. 1 (2008), pp. 268-276. 

J. P. Ericson [et al.], «Effective Sea-Level Rise in Deltas: Causes of Change and Human (1569) 
Dimension Impacts,» Global and Planetary Change, vol. 50 (2006), pp. 63-82. 

J. C. Borreo, «Field and Satellite Imagery of Tsunami Effects in Banda Aceh,» Science, (1570) 
vol. 308 (2005), p. 1596. 

J. T. Wells and J. M. Coleman, «Periodic Mudflat Progradation, Northeastern Coast of (1571) 
South America: A Hypothesis,» Journal of Sedimentary Petrology, vol. 51 (1981), pp. 1069-1075. 

N. Gratiot [et al.], «Significant Contribution of the 18.6 Year Tidal Cycle to Regional (1572) 
Coastal Changes,» Nature Geoscience, vol. 1 (2008), pp. 169-172. 
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oLJJ Jli*5 (Bermuda) 


(1573) 




i j_) j_aj 


jJL^vwoJl |j_& jl oL>cj|j ^>C-J| ^ J^XJ (1)L-J ^3 AjLwo-*J| 

0.67 _> L^j ^>cJl ^r.]g,.>A» ^d)l l 1998j 1955 j^>Jl^ J-oJl ^vvolJia 


. 1998j 1955 ^ j>Jlj xjl 


j_& (1998 — 1933) o^X jLU a_LS" ^Jup-c-^JI oL>&jI ( /^5Uj ^3 jJLo-^1_L« 0.67 _> 

.cJj_*^oJl ld_k v_31 ^j^kj 

l Lyg LjLS"j_; <LoL>- 0^_Sco o^_>Jj>- 13j_>3 jj I)) 

j_>c-Jl g_k^ jJL^a ^LaJjI i)\j .OljJLaj-L^S” Aj ^j-a J}_^_p| oLwo-i AjgL>c-aj 

.1)15”jJl ^/?Li>cjl ctwd-p')!! ^J-p c 

/ 157 <LoLS" cij!jL>c_£j1 &yi >A3 ^>c-Jl ^ ^jLwv^j j^-xj d)| 

^>0 ^^a <jJ-Jj>cJ 1 La ol^xiJlj o!jJj><jJ 1 ( j>3 A^-y? LoJl ^Ip 0 j_Jys 2.67 _)! 

^1 j • 0 ^->c-AJL<>Jl <LolS”^Jl ^3 wbljj ^Jug-c-^a c AS* jj*+j A^lLjj ^JUjj 


(1576) . 


. ^IjwoJl ^3 j^-xJL>j c ^>c-Jl ^ ^3 j^xSLi AJLL* 2 La o 

^li 0->sJ pUajJlj 0 jJLaJI ^3 0 j^_yfi^oJl jJj>c-yg-]l ^jys OjJ^ Aj j->tJ oUMp OJj>tJJ 
C ^Lj-Pj5sJl A.C j^Jl — A^-yg-A c ciD-S ^J»P ^iLo'yi . Ja^>c^J! 

>L5 >olj ( J^SL^g-oLa A^yiAj l liL>- £J<U*y2jkj 

1000 500 b*s> c^oJl L)1 (iT^^d LsA .>^p Ls^aiIj IpLLjI o3_a w\J 



J L^LfiJJ 

_pl II4J ^Jj . ( 1577 ) y ^1000 ( i_Lj" 

plk^>c_yJ 1 ^Jl Ojl y> cJl ^j -^3 0 j-y^> oLwo- 5 " ^y2 j j 

^l^Jo jg>^-Jl oL >3 0 l)S jJ>c-Jl ^f.lg ,*ai ^^3 LpLLj 



C. Cabanes, A. Cazenave and C. le Provost, «Sea Level Rise during the Past 40 Years (1573) 
Determined from Satellite and in Situ Observations,» Science, vol. 294 (2001), pp. 840-842. 

W. J. McGuire [et al.], «Correlation between the Rate of Sea-Level Change and (1574) 
Frequency of Explosive Volcanism in the Mediterranean,» Nature, vol. 399 (1997), pp. 473-476. 

W. J. McGuire, «Changing Sea Levels and Erupting Volcanoes: Cause and Effect?,» (1575) 
Geology Today, vol. 8 (2008), pp. 141-144. 

M. R. Rampino, S. Self and R. W. Fairbridge, «Can Rapid Climate Change Cause (1576) 
Volcanic Eruptions?,» Science, vol. 206 (1979), pp. 826-829. 

1. U. Peate and S. E. Bryan, «Re-Evaluating Plume-Induced Uplift in the Emeishan Large (1577) 
Igneous Province,» Nature Geoscience, vol. 1 (2008), pp. 625-629. 

1. U. Peate, M. Larsen and C. E. Lesher, «The Transition from Sedimentation to Flood (1578) 
Volcanism in the Kangerlussuaq Break-Up,» Journal of the Geological Society, London, vol. 160 (2003), 
pp. 759-772. 
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3Jj>Ojl O^L^ y]\ (3 jLiO ^L* - J*> ^-^Li Aw*<|j3 ^Jj>C-wvO ^J 

LgjJJj j+JK +0. 1I (_£J-J->Jl Jlj l jJl jJ_v2_*Jl jljO-l JJ-yg-^>- 4-^S" 
. (1579) ^p ^LJI O^JI >ljl ^Jl ,0 J oO- 

4Jj>c-« ^JwJ y& Jl jwLoj ,jj>s-Jl ^jJLwvw« ^LajjL ol^JJl Ja-JjJ ^Jj 

. <oJlp ol jr^xSs LgJ 43*}\p j_>t-Jl ^ yL^aj OolJl jO*w<J j^j J^>cJ 

6000 Jl ^jO^JJ cl) ^c-> jL (JL ‘Oij'yi yo o3J_*0 0>L^LJ5 jLo*-! ^-*y 

oUi^aj c j^jJl oJ~*>jJo J^L*0 JO- j *OP 4 j yJlS' oJ^*>o y >-'y 1 

Ls j_a jJJ ^j-^LJJj JLSJ .L jj*> Us> j jl o jjssL^a ( Jw>4j-*-* ^ y^ < '-^- >c - v::3 

(Foraminifera) oLy^ioj Jo*Jl JU^coL S^jJVl j»Lp 1000 Jl 

j-& ^Jwo^JLwvwJl j-o-J/l ^jLJLJI JlSj .aJj>-Lw^ 4j>JLj oL*JjjOv-a ir° 

w\woJi i—w** l^3 ^_Lp oi <_^>j i ^ ^ * i ^_>c_}ji_ji i 

^j-vwJj ^_-/?J>JJ 4-O-P) JU ^_>t_}jljJl ^Jl^>c-wJ| Jl O^J»L>Jl O-jUj .jJ_>J|j 

^3 ojl^>Jl 4 'j>-jwJ ^y?\j ^LLj'y JLl& jj 4 jI j c ((LoLJtoJ LIjJa-v^l 

.Ojl j^>Jl 4j>“j3j (_£ J^fJl CO 2 Jl y^-> ^ij^P Jj& O-wvJj C ^Jj2L*Jl (1) jjjJl 


y* j>l p 350000 UjlJ iJlo olii^ iLJo (Corinth) ^ILjjJ Jr^ 


<m. 


k^Jl cO* oJl5 lilj . 


(1580)- 


LJI 


J 4 J 


L>C-Jlj C Olj-w>C_Jl 


Lrri 


J L> Lwu«u I 


^Ja-^ ^ y~*~a j^J ^_> JvJ>- ^SL^3 C ja>*cJl ^r-la *Ai ^ ^LLjl ^_> Jv^>J 

(_£ j**Sj 43j\p l^J ^j-vJ 4j| j^P C ^LJl ^3 ^X^J-Lj 1.4 ^Jl 0.23 ja*cJl 
oJ-& ^3 t <lJj>c^3 0 J_woJ |j-& ^>c-wvu 0 .^^<JL^Jl j->c_Jl ^_la_*>» 

. t I ^JI ^j p* IAj y ^^^^JI I a 5"Jl>Jl 

jl ^Nl ^y>cJl oJ) ^JvJlj c olJ-L>t-Jlj J-Jj>Jl ^jLoa 2 )Lj3 00 >e_) 

c j^^Jl ^Jg-^Ai ^3 IpLLjI ^>cJl ^li C_5^i 0 j~^-'^-^ a jy>^-^ 4_sL^?l^ 

c .Ja^>e^Jl ^4-i ^JJJai ^3 j*J*sS\j c aJ->JI ^JLo? ^JJl ^31-0^/ Loo 

^3 L/?LL>cjI o j_>cj Jl L^_5 >LpIj jL>cJl Jj_ia ^*^y o^LJl JUJ^I ^3 


J. C. Varekamp, E. Thomas and O. van de Plassche, «Relative Sea-Level Rise and (1579) 
Climate Change over the Last 1500 Years,» Terra Nova , vol. 4 (2007), pp. 292-304. 

S. Kershaw, L. Guo and J. C. Braga, «A Holocene Coral-Algal Reef at Marva Litharia, (1580) 

Gulf of Corinth, Greece: Structure, History and Applications in Relative Sea-Level Change,» Marine 
Geology, vol. 215 (2005), pp. 171-192. 
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iLw^j'yi 0j_SOJ ^y j_^><Jl c-i-yajJl oLL>m ^3 oLlLjJI (j^2_aJ 


^Jg o oL^a (1)1 ^_P 0^3 4 UL^o-*Jl J*.*. )1J ^UpVl ^wO->“ 

I )01 iOjj'y c(^ji^>cJi ^Lwvu'yL J 2 J 13 ^jIx_> ^>c-ji 


(1582) , 


JaJis d->l^Lo~J-La ^ygj ^Ja-^ 

^Jwv2_> ^la.^ ^3 LpLfljjl 

^Ja-^A> ^jjLw^ 1983 _ 1982 ^Ip j-^wo cJ] 


J-^J 


C l-L>- A^_> 




12)i ji d-»ijj>-'y 

(1583) . . ,. 

^»LP ^vO (J j CJwL^*- ^3j Jjj . ^>3 c.4-yflJ 

3J t A^S"jVI oJj>sJLoJ| oLjNjJJ j_*Jl J^LJl Jj_la ^J»P j~* 0.35 y> e_Jl 

Ja -n >c—o~J 1 <—4^_P ^_ll o3^_a_ll ^_L_P oL^oJl j_-_j>c_i 4_^3^-Lj ,i]L_L-k ^j_5s_i 

t t. 1-t f . . , t. 1 * - I ti - (1586)0585)0584) , ♦, 

.Ja^j^JI £UjJ La-w^- *LJI ^3 03 UJJI J • ^plfJl 

^i_P I^LoJLpI C ^y2JL>*JjJ *JL)y f-LoJl d-*J>cJ A-wvoLJl (1)1 oLjl (1)jL>^J 


S* 


£-£j y f-LoJl C 

^ y/J 1—paj aJ| jjj ASs^W*I 0 I 3^ I <^_Y^ ^J***^^ 0 J • 4" 1*^3 I ( ^ 

C-JLo-P I 3 L 3 C ciD-i ^Jl A_sLs^| . A^j j-A-jj 4 La ( JwwO-arJLi AjLi_*JL^Jl A_*^oLJ| 

^-fl-ygJLLa dJL*_A j^-oJ ^Ja_^A»jJl (_J^JL^JIj Ja.^>c-^J' (_J3 Ll>- ^jLa_v 2J| d^Lo 

• I ^T la * 1*1 ( C) L la < ' 

J5LJ1 J jy caj^JI (Weathering) ajj^JJ olL^Jl L^io 

^ja-^ ^ yL^a ^3 L-w-w^vU Lv/?L aj>oI A^>cJLL« A-o3L>o Aj jLaJI ^JjLSsJI ^_Aj^_i j C Aj jjJI 

a^LLji S 3 U 1 ^i-Jj . 0 j~2lS" A^Jl ^jJaLL« ^3 1 j_A ci->J_> c_j j .jj>c-Jl 


A. W. Hogan and A. J. Gow, «Occurrence Frequency of Thickness of Annual Snow (1581) 
Accumulation Layers at South Pole,» Journal of Geophysical Research, vol. 102 (1997), pp. 021-014. 

R. A. Warrick and G. Farmer, «The Greenhouse Effect, Climate Change and Rising Sea (1582) 

Level: Implications for Development,» Transactions of the Institute British Geographers, vol. 15 (1990), 
pp. 5-20. 

G. Meyers, ^Variation of Indonesian Flowthrough and El Nino Southern Oscillation: (1583) 
Pacific Low-Latitude Western Boundary Currents and the Indonesian Flowthrough,» Journal of 
Geophysical Research, vol. 101 (1996), pp. 12255-12264. 

K. Wyrtki, «E1 Nino: The Dynamic Response of the Equatorial Pacific Ocean to (1584) 
Atmospheric Forcing,» Journal of Physical Oceanography, vol. 5 (1975), pp. 572-584. 

D. E. Harrison and M. A. Crane, «Changes in the Pacific during the 1982-83 El Nino (1585) 

Event,» Oceanus, vol. 27 (1984), pp. 21-28. 

P. D. Komar, «E1 Nino and Erosion on the Coast of Oregon,» Shore and Beach, vol. 54 (1586) 
(1986), pp. 3-12. 
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cjjjJl .^jLaJI (,_a_jjJlj *^Jal^-LL)lj t LJjJl ^3 4_v^L>oj 

jJ c cJLloJI ,*^Jalj-*lJl j-aJL> ^£jUL) 1 k ij_U li j-p 

IJu& ( ^xjl>j . (1587) oL-^ j jJI ^LoJJl (Mississipi Delta) ( _ 5 ™~™ r< Jl LJj 

|*_P^Jl ^)-P ^ d^LTo-^Jl o>-A_^_J 'y^ ^ ^3 LpL<2j^1 

( JjLa *Lv/2_ij>t^J ^J>~l (JL^Ll* OJJlJ .1)^1 4_ij-> (1)1 C I J^J>- 4_3jj_*^s IgJ 

^^jJl AoJa.)1 ^3 ol j^xj O ^Ju l3j-^J A^vuLJJ L^wd (3 '—Jy^r 


jJ Eli t JjLJI 3Laxp*!)LJ li>Li>-j . aJJLl* oli>-Lwa (Jt)E>- ^iaLlJlj 

. (Ganges delta) ^JUJl LJ 3 ^ oL^Jl ^ o^^SEl oLoiUl o 

jEo-sVl ^IL> ^_>c—Jl ^la. +.* (_£d->l_^*>l—9 d-olj J»3^ |j_A 
(Jlj E ^ar*Jl ^r.)g.*Ai ^^aiLJjJ ^1 iw^ (1)1 j*£* C 43w\Jl ^jA A*pLJg-y^^y 1 

(Altimetric Satellites) ^Lk^l ^Uj jl 

(GRACE)j (2001 J>) Jason lj c (1992 aJl^ Lb) (TOPEX/Poseidon) Jl* 

«. aJLoj .a 15" jiUJ J^lia-oJl j_>c-Jl (_£jJLwv^ j^xZ 2_> 1)1 (2002 ^ 3 ) 

JU^JJ ^l*jJ1 (3-EjJI ^^LJl) E» ^*Uaj a^pLJ a_v^*y 1 jL^I 0 j_& 

. Aolp jsS* 43 Jj ^^>JL*Jl j^>*c-Jl ^cJa.*.Ai ^L-v_o2j (1)1 (. ^oL>cJl 

j-^-> (Jl^w*jl^a>l> ^-^>c_*/2j t_5^i ^Lx_>c-> *^-pLila.*y 1 jiwo*_s'yi ^-sej 

oJ_g_^-l 0_Lo JJllj . 4_JL& j 4j ^^j'yi 0 j-^1^3 (1)1 ‘UlJoj>- ^_^-Lp |t-jLi ^jL>J-^3 j-^>- 

gJa.^ ^jJLw^a ^LiJjl Ja-w-jl (TOPEX/Poseidon) ^ ijjblj ^liJjl ^Li 
4»oji A^i 0 j_Aj c ^l^Jl ^3 2.4 3jJj>o ^_v>c_v2jJl J-*-j (1)15" ^oJLxJl ^>c-Jl 


(1589)- n 

. A>ca*c-v2-oJ I 


jy>Jl J wLoJl ^j^voLa^S ^j>3 


^_3 UjLL ^j-^o od_A <a^pM 1 jEo-sVl d3L^iL^3 1)1 <2XJ3 ^^^yi. 

• A^L>c_>3 E*!)Ej>“1 IwA_Ej>cJ oLs^La>cj1j oL*_Aj 

ALjfc a^SD t (jjJo (Tuvalo) jJE^J J^Li j} cJlLjl 

0-L>- ^)Jl ( jj j-vl%^Jl 0 1 jJwwEl 3*)Ai>- jJE y EL5 .^>C-Jl ^la ,*ai ^ jJLwv^a ^3 ^4j2jj1 


T. E. Tornqvist [et al.], «Mississippi Delta Subsidence Primarily Caused by Compaction (1587) 
of Holocene Strata,» Nature Geoscience, vol. 1 (2008), pp. 173-176. 

H. K. Voris, «Maps of Pleistocene Sea Levels in Southeast Asia: Shorelines, River (1588) 
Systems and Time Durations,» Journal of Biogeography, vol. 27 (2001), pp. 1153-1167. 

Bruce C. Douglas, Michael S. Kearney and Stephen P. Leatherman, eds., Sea Level Rise: (1589) 
History and Consequences (San Diego: Academic Press, 2001). 
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j-oJjj . C .iSLjfc jJU(Jljj .^>C_J| ^jJLs^a (3j-*-)l 

• ^^*»*«*w*J I I ^T 1^ *i*J ^ i -Aj ^ A) I ' J I 

oLS^j c IJw^>- 4_3jLl«!jJI C—>cj o j-JLaJI a^>- jJj-^>“ clots' LoI 
oULJl ols t l-yg.ji Lsj j_L>cJl]| Cw2-« ^Lp ( /^s->*!)^ 3 a^oJ>- aJl>JI 

IwC>- .^^JlJl ^y2^j 4jj^>cj cl) ^Ss-> ^ ,ygLs->ol Aw*ul_Jl ^LLjI ^j_P 

ol Lu5k-> 4jl ^P- . ^y2JL>C^ jl £j2j^j <jl5 (jj aJL>- A3j->s-Jl y~»js 

t ( /^jJl A^PLjg-1 jL^-S^I ^Jl>J J-^J C OwL>cJ| J-*_j j»^*jJl I j_k 

aE5" ^5" j^j aaL*_1x>J| A3.Lk.oJ I a^VI aL y> j^>c-Jl ^■]g,„>A» ^ y~~a ol 
C aLSA oJ j >ckl ^r.lg ,>* ^LJL ^JL A-plAky^LI1 jk-S^I (1)1 j*S* 
o*^LjJ_*_ j ol LgjooL>-j L^-LSsOj ^j^j'yi ^_>t_>- ^JwoOJ* ^aJI oLL^>Jl co 


^JL?LJl oLw*»lo ljL_>c_5l *>L*_3 


(1590) 


^j-ws-^JI j ^LL-jNI 

(GRACE )j (TOPEX/Poseidon) 


j> c-Jl ^r.k«A> ^ jJO> ^AjJ A^-Eks^^l jLo-sVl AjAj>o A3.5 jLjJ>-l ^j-Sk_) ^ 

jLo-s'yi oL-Li ^^Lp os-Ls^JL j »ol^ ap^I o , 'V^L>t>j j .‘Lw^j'yi cALk>~t)LoJL> 
^yjlp £-L£jI (^1 ^ )j»l*Jl ^3 jA>kU 2.8 it 0.4 J kptk^'yi 

.2004 _ 1993 ^ 3^aJJJ (jySJl ^ 




16) pL*JI 


^LxJl ^3 jAo-d_La 1.6 £_kj 

70 j^>=4j I jLoVl olj_>J_3J 4_LoJI ^_3 60 I3 _a ( i_Loj 

olk-^Jl ^Jl i>j_P oLw« 4ilol J>UJ| ^3 jIO-4_Lo 16 ^ i 

2.5 oLS” ^LaJj^/l ol (GRACE) oELo 


(1593) 


2r" 






20 


1j JJ! Uu&j , (1594) 2005 _ 2003 ^ ijii Jl 


P. Wu and W. R. Peltier, «Pleistocene Deglaciation and the Earth’s Rotation: A New (1590) 
Analysis,» Geophysical Journal of the Royal Astronomical Society, vol. 76 (1984), pp. 202-242. 

E. W. Leuliette, R. S. Nerem and G. T. Mitchum, «Results of TOPEX/Poseidon and (1591) 
Jason-1 Calibration to Construct a Continuous Record of Mean Sea Level,» Marine Geology, vol. 27 
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C. Wunsch, R. M. Ponte and P. Heimbach, «Decadal Trends in Sea Level Patterns, 1993- (1593) 

2004,» Journal of Climate, vol. 20 (2007), pp. 5889-5911. 
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3.1 


_> 2003 — 1993 ^3 1PCC <G jJLj ^^LL ' 


^JUL C_^_>c_>J t Lo-£3 J-^-^J 1 j~> 1 jJ> c_Jl ^]g..*Ai (_£j2d%woJ 

.JjJ_J> jA>o o^w23 ooliap~*)ta 

^|31 ^a>c-Jl ^jjLw^ ^LL>jl 2)1 ^3l oJ-p (GPS) _Jl d-’LwkiL^s 

^Ls-Jl 0^JiJl C—*^Jl Ol ^_3 <jl5j <• AjO j_j ^-J LowA ^JlSG 

flijVl Jil fij\ 11* j . (1596) ^UJ| ^ ^JlL 1.35 ± 0.34 ^uJlj 
^ ^(aUJI ^o-J-La 1.84 i 0.35) jj ->Jlj -C<Jl ^j^LJL* olJLo ^y> \jS$ 
j»L*Jl ^3 1.0 c j»L*Jl jJLow^Lo 1.40 jt-ij ^5 Jjil 

^Lwvo'yi j»l*Jl ^3 jJLo-^LLo 0.4j t ^^JL*Jl 4 ^voLJ| j_^L>- ol2l^j>- 2 )L>j 3 ^Jl 

^Lijjl j! i ^ 16 ° 1 ' > Cj|^JL4j oJU- 4i“>\j<Jl i _^2ij <j-^iJ • (1600) ^ilj a ^ > ^ < JJ y >T ]\ 

<LojLS" ^1 ^^_o!j c LijLwo JJLlpI L^w£ ^JLSCj Ua-J 1 ^_>c-Jl ^Ja_^> ^ 


Jjj4LU 4 j2_)L>c_>j ^jL)L> Cl-owL>cJl ^_>c-Jl gJa-^A> ^ ^jS' d->Lw^lj3 ^Ja_*_; 

J-J->c_)l ^j~a 3 j^-Ljl J-Jl>J| l)]_9 . jS>t-*} I gJa-MX (_£ ^jLJLJI 

( j-* 4JLoJl ^3 12 ^j_P Ja_A3 J_jj-Pj j-L>»Jl i—-la-fl-ll ^xJl ® 


J. K. Willis, D. K. Chambers and R. S. Nerem, «Assessing the Globally Averaged Sea (1595) 

Level Budget on Seasonal to Interannual Timescales,» Journal of Geophysical Research, vol. 113 (2008), 
C06015, doi: 10.1029/2007JC004517. 

G. Woppelmann [et al.], «Geocentric Sea-Level Trend Estimates from GPS Analyses at (1596) 
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o^olJl cjt)l>" djl10 i 10 0^>c-Jl ^^lijl jj j> c-Jl 
. A*3 y) ^ jj>c-Jl ^r-)g «a» (__£ yL*~P» ^3 IjwO IpIjJjjI (j I ^^lp (J lo-^ t L^wJjJ 

jJLwvw^j ^lijj'y 4jJ>Jl ^3 50 jJLi <lS 4^LwJl iL>j>cJl illS”j J^J 
y> c_Jl ^da„AA> ^yL^a ^lijj'y /.I <U^>j3j t2100 ^Ip cj^J j>o I45 y> c-Jl 


/»-^-3 aJjI>c_^J ^_*/?L<>Jl ljJ_^-*JL^I l-ijj . 2100 (J y\j>x-i 

^T \p * a* ( ^ £ 1 ^^l> ^j-*XJ t -.„ - - . -^ lo wlj ^ ^ *»J»3 C 1 y UJI 

.twojill j JwOlLw-oJl ^3 ^>c-Jl 
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A^s^l^-ll iwLi>cJl la 0cJ*!)l>“ 3 jl ^>- A>-j3 ]g*A» jlS” 

(1634). 


0^1 ^ o^L. JiVl ^Jlp li^l (j»Lp 116000 _ 130000 JJ) 


U-° cJ-J J^' 6 cJi 4 U-° 

^ ^JLwv^a ^LLjl jUl f lijVl oJ-& 



^4-jLjjI Ja_^a yS—& <1)15j 

(1637)(1636)(1635)^| 


^>C-Jl ^jJL^a ^Iajj! jlS'j • 0-JwL>cJl ^J-Jl^Jl ( j_o la y> C-Jl 

(_£ jJLwv^a ^^Ia>&j 1 (Jj_*-a jlS” loJwO C ^»lp 123500 ^Jw-3 j^jJl ^3 ^ 2 - 5 Jl L5 
^lijl Ja-wa^JLa jlS”^ . j^JsJl 1.3 ^Ip 119000 ^cJa-wa 


N. A. Morner, «Estimating Future Sea Level Changes from Past Records,» Global and (1632) 
Planetary Change , vol. 40 (2004), pp. 49-54. 

U. S. Environmental Protection Agency, Global Warming-Climate, Sea Level, < http:// (1633) 
yosemite.epa.gov/oar/globalwarming/nsf/content/ClimateFutureClimateSea.level.html >. 

B. L. Otto-Bliesner, «Simulating Arctic Climate Warmth and Icefiled Retreat in the Last (1634) 
Interglaciation,» Science, vol. 311 (2006), pp. 1751-1753. 

M. T. McCulloch and T. Esat, «The Coral Record of Last Interglacial Sea Levels and Sea (1635) 
Surface Temperatures,» Chemical Geology, vol. 169 (2000), pp. 107-129. 

C. H. Stirling [et al.], «Timing and Duration of the Last Interglacial: Evidene for a (1636) 
Restricted Interval of Widespread Coral Growth,» Earth and Planetary Science Letters, vol. 160 (1998), 
pp. 745-762. 

A. C. Neumann and P. J. Hearty, «Rapid Sea-Level Changes at the Close of the Last (1637) 
Interglacial Period: 234 U- 230 Th Data from Fossil Coral Reefs in the Bahamas,» Bulletin of the Geological 
Society of America, vol. 103 (1996), pp. 82-97. 

E. J. Rohling [et al.], «High Rates of Sea-Level Rise during the Last Interglacial Period,» (1638) 
Nature Geosciene, vol. 1 (2008), pp. 38-42. 
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4_> ^j-O La 0jJLijJl cJtA-L ^->c-Jl ^r-]g *Ai ^ 

aJj^I j-ij Ll^x Ij—*>1 tA-J-3 jJlSJ l*b&j .cl)j-^Jl ^3 "i*A_?-lj Ij-^ 3 t 14000 _Jl 

I ^-?T_^.l 1 £T k * X ( ^ ^ I b • IJP C C ^-J { ^ w)J I J I ^*r 1? * X ( ^ 

^jJLw^j ^LaJjI cJj_*_>3 ( /^j ^_3jJL> La L*Lo-j j-& lJ-£3 t2100 ^Lp- Jj_L>c_> I-^-Ij 
cl)l 4_v^L>cJl IPCC j-i j-^ob ^j-wo^ .^JU>cJl -L*_> La ^>c-Jl ^Jg-*x 

cl)Lw*u^!l CjLiLv^l ^ Low>j ^j>c-Jl ^Jg-^-x ^^LbjL «-3^_> 

^>c-Jl ^r.lg.x (_£^LLjl UjIj c ^^>cJl i._9*}b*Jl ^3 CO 2 —L OwLjI^LoJI 

« ^> 0 — ^^s^'oJ 1 — 1—L^xj I La 



jjiUzd ^a L>4-w^lil j»Lp 450,000 Jl cJ^b»- ^LL*J! ^Ja-*x ^ ^ jLwo i 32 

^Jg^x Ob^l*~oj 4 j-L-L>- La Ol^3 LLp ^J>tj £rSa.«* oL^l^ ‘U^-_a t i jy>e^S^i 

j\SJ C 4 j-LLL| 0^jlll a^i^o jg*sJl £tk~x t^L^jbj . jJu>alJ! J*>Lp“ LxgjL>t^a j >sj 

jlj .j>^Jl ^j_a ^J-p! jbLal x ^I LjJ-JLL La ojJLfiJl J*^L>- jJ>c_-Jl ^.la«x ^ jJL~-a 

^Lp ^_P j^I illlA ( j-m-Jj .iaxLJl 4 jJlJlL| La OljliJ! ^j-a ^yaigHJ bUx JlJ-l o! y ~~* 

.o! Jp ++*A J“^ £rlo,«M ^ J^P 


(Jt)L>- cl)^JL)l ^3 Ag-I J ^JLa J^^-^- 1 ^r-lg.** 1 ^LLjl C_^*->tJ 

^Jg-^x ^^JLwv^a ^LAjj'yi ^.Jg-^o>3 .43 L^x ^3 0^^>-^1 14000 -Jl ^j-JwwvJl 

8000 (J^3 j_>t»Jl ^Jg-wx ^jjL*^a cjlbj .CwLi ^>Lp 8000j 14000 ( j-o L)LS" jg*c-Jl 

^J|_ j-g*c-Jl ^Jg-^x ol^JLw^a ^|_vgJJ toVl ^j-A jl-^l ^.,<g g p-1 C ^Lp 


J. Imbrie and K. P. Imbrie, Ice Ages (Short Hills, NJ: Enslow Publishers, 1979). 
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yL* jIjJLo-> y> c-Jl ^(jl IJ^j .^Lp 7700 ^JL><Jl 

( Jw« 3 _J C ^LLj'VLj j^>c-Jl ^r.lg,*^ (_£ yL^A jA±ILa\j . 0 jHa}\ ciLlj 0 ^-Jol 

t ^»^-Jl ^jA ^^LpI j^a 1.5 ^3I ^^Lp ^^-Jl ^Ja^w*> JlS" c a^-s^L^j ^Lp 7400 

^Lp 2000 jl 3000 b ^5^*“ j->c-JJ (JLpj ^j 2 JLwvw« j£ jSL^a cLLta 
.^L^/^bJl 3000 Jl ^Jw**Jl cJ*^->“ y>x-}\ ^Ja^< ^^1*''* >S ^j^2Ji>cjl *43^ . Cw2>> 


^jJLwv^a jl ( /^-ojJ *L^>-j-^-^fcJl oLL^Jl ^3 <—2j ^*_oJl ^y* 

. 0 J*Z£ 4_P y^A l ^oJLPj ^L>c^ ^ 4-P j-wvO ^2 j2j>«Juj £-0JjJ jJ> c»J| 

L3^i J~° 2f° ^ f ^ ^000 Jl cJ*^->- 4^^Li>cj|j y>cJl ^Ja-w*» (_£jIL^a ^JjJjjI 2)lS"j 

i,_oLSJ . L*-jLwo I3j-fl-P oJl-P t._->1 jJL9 UJ^~ JCCa1 <_*_, j| 

(l644) L r Q_;Ii|j ‘LwoJl-P 


L >0 I j^xS 0 j_*XJ_La J^LwoJ OlJjlJL* ( j^C J 

(1645) 


( /j_S"L«! aJ-jLa^ jJj>J oLw*»Ij 3 j-wJj . j_>c-Jl ^Ja-^i ^jjLws^oJ Ll«Ijjl>sj 
L olIiJ ^ILoJI C-^JJa.o^ . ^y2JL>Cy j2^\j ^£bjj Lg-ySL*-> jl t ^^y>-l 

dJ j^xj ^C_JjLj j^wOj .4^3 jL*^u^/l Jr^ 5 CO 2 —Jl j^-xJa ^j_SC^_J LoU 


^j^wJ ^jj>cJl CO 2 Jl Jlj 


^^*P 1^ « *J I C ■—^ JJwO^P jl ^>c-Jl ^T 1? * .*> 

^jl jk^A^k] oJjLLj eji 


(1647) 


C. R. Sloss, C. V. Murray-Wallace and B. G. Jones, «Holocene Sea-Level Change on the (1640) 
Southeast Coast of Australia: A Review,» The Holocene, vol. 17 (2007), pp. 999-1014. 

R. W. Fairbridge, «Dating the Latest Movements in the Quaternary Sea Level, »New York (1641) 
Academy of Science Transactions, vol. 20 (1958), pp. 471-482. 

R. W. Fairbridge, «The Changing Level of the Sea,» Scientific American, vol. 202 (1960), (1642) 
pp. 70-79. 

R. W. Fairbridge, «Eustatic Changes in Sea Level,» in: L. H. Ahrens [et al.], eds., Physics (1643) 
and Chemistry of the Earth (London: Pergamon Press, 1961), pp. 99-185. 

R. G. V. Baker, R. J. Haworth and P. G. Flood, «Warmer or Cooler Late Holocene Marine (1644) 
Palaeoenvironemnts?: Interpreting Southeast Australian and Brazilian Sea-Level Changes Using fixed 
Biological Indicators and their 0O 18 Composition,» Palaeogeography, Palaeoclimatology, Palaeoecology, 
vol. 168 (2001), pp. 249-272. 

R. G. V. Baker, R. J. Haworth and P. G. Flood, «Inter-Tidal Fixed Indicators of Former (1645) 
Holocene Sea Levels in Australia: A Summary of Sites and a Review of Methods and Models,» 
Quaternary International, vols. 83-85 (2001), pp. 257-273. 

P. D. Nunn [et ah], «Late Quaternary Sea-Level and Tectonic Changes in Northeast Fiji,» (1646) 
Marine Geology, vol. 187 (2002), pp. 299-311. 

R. G. Baker, J. Haworth and P. G. Flood, «An Oscillating Holocene Sea-Level? (1647) 
Revisiting Rottnest Island, Western Australia and the Fairbridge Eustatic Hypothesis,» Journal of 
Coastal Research, vol. 42 (2005), pp. 3-14. 
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Lw*JLk -L^_2kj (1)15 La J-LP 4_j| <LoL>- ^oJl 

L»sb ^l^Jl la^^c^oJ \ 1)15j .^j^5L*JL ^j^5L*JIj ^jjl ^l^Jl k^>c_ki d)l5 c bib 
oJ15j / ^l*Jl {y> {£j >-1 ^j5Ul ^ .5jUl ^i k ll od*>b>- Lk?lpj 

t o^jLj ^k**>jJl jj-*^2_jJ| j\j^-\ ^jl^Lwo'yi ^plgJl .k^>c-<Jl ^j3> <-3jj\a.)\ 

ySjj* jl5 l Jl ^wLJlj>JI j_v2_*Jl J >Lk i 4_>l_.LiL>- Lo_>jj 

cJjjj .Lp^)5I ‘J-v^Lp *kjjk £-a 1 j_ko~aj L^O bib ^l^Jl k^^c-k 1 
<zj LoL>-^ oJl jlj c <LwoJ1_p (1)^5L> ^ j_i ^1 jlI bdJj>~l d)l ^J_p lk& 
C biljJl oLwoJl ^3 o5U-j-oJl ,+..k.*.^ i 0jj_v2Jo Lo~a 4 jj^ j5l 

. (1649 V ^ 


^w5sJl iJL>-j^>Jl (*_*-*_Jdl ^>-L>- ^i <b jj>- j-a iJL>-^^Jl ^.iLw^Vl ^ k JJ 
l$y>-y> ^L_klua olLo jl L>k tCLJl^^l) (Great Barrier Reef) 

aJ d)l5 J*)b>- ^yL>-jkl 3^-UJl bJ Jij / ^lid oka 1^3 jjkka 

Sjl j>- c JLp (Turbidity) j&s*^ c ^_>t-Jl ^k_^a ^^Lk^l 

ojl^>- c—*_ajj 1 blj . ^ ^jJl>JI j-v2_jJ 1 J_La ^ILjNl ‘'-so 

^J-P ^L>-^*Jl J-^>Jl k_3L>s-^k C j_>ckl g-k-^ ^jJLwv^a £j2_>jI^ ^>c-Jl ^r_k.A,^ 

J*)L>“j . J_>c_l]| ^*)Lp^M 0 j-kJ <_aJbka IJ-&J . JpkJl ^3 ( Jl^_3 U5 J 

j*ZSL j ^jjlJ j*sSL) li^l oLw« ^3 o5U-^oJl o-J^Lp c <Lw^»LoJ1 ^Lp (jj-k 500 51 

<\j> r^.Il ol Jj>-\ j-&j t oLk j-oJl 15L<>w^ 0}j . 0-)wL>cJl j 1 

Jlp^I oliLiSUl t j^2-3oj / olwJl ^ oLJk-j^Jl *. k.pl ciJk-j^Jl 

(Papua New Guinea) SwUJ->Jl Lj-k 1 5 J-^ ^k-^1 


M. Allen, «New Ideas about Late Holocene Climate Variability in the Central Pacific,» (1648) 
Current Anthropology, vol. 47 (2006), p. 3. 

J. M. Lough and D. J. Barnes, «Environmental Controls on Growth of the Massive Coral (1649) 
Porites,» Journal ofExperimental Marine Biology and Ecology, vol. 245 (2000), pp. 225-243. 

T. C. LaJeunesse [et al.], «Low Symbiont Diversity in Southern Great Barrier Reef Corals, (1650) 
Relative to those of the Caribbean,» Limnology and Oceanography, vol. 48 (2003), pp. 2046-2054. 

D. Johnson, The Geology of Australia (New York: Cambridge University Press, 2004). (1651) 

D. J. Barnes, and J. M. Lough, «Systematic Variations in the Depth of Skeleton Occupied (1652) 
by Coral Tissue in Massive colonies of Porites from the Great Barrier Reef,» Journal of Experimental 
Marine Biology and Ecology, vol. 159 (1992), pp. 113-128. 
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• jyS Jl ^jJr j-Jl JJl ^ jd£L) J J oLoJl 2) jdJ 


^Jl lLIAj ^Jc j-^>J^ ^j-ajJl J>J>- JdJrj^oJl 3j-^>cJl j^a,i (_gy>- 
oJj>o j.^3 (. Jw? JJl 25 Jl oljJwwJL J^?L>- ^ j-v2_l)l 2)}j .c^L*J o^^,? 

^l_>^Jlj d>cJwoJI e-Ua-P 4 _pJLl& 2 )j_^_> L<JwLLp c- ygj 1 ^3 

Sjl j2~- J_1 ^Jj . ^J-pVl ^Jl ^-V2_) oLwoJl Sjl lJ~& £_9wL>J .<UlJj>J| 

jJLSl ^-w-SsJl j_p-J>J l Jj_L? ^Lp t ‘U-v^LoJl 25 Jl ^j-JwwJl J*)J>- oLwJl 

^U_UJl 3 J-P jw^-Jl ^3 4j^P ^3 JJl dJjJl ^vJj*_> J_Sj C S j AjjJds 4 j>-j3 

. 2)^/1 S^aLUI oJa 2 )ud^> J~^'j 

/ yj> Jl ^tuJl ^JcJ 4 ^j>- o jA UaJ J>-^<Jl j-s^ajJl S 

2)li L . Sjj_^Jw<Jl ^jJl*JJ 4_y2_3LL/0 4_w**!)Jp^M ojJa-Jl od-& 2)} c ^j^*-! ®j->* JjdJj 

Jt)J > - ^dl j-^p t tAJ-5 IJuljJ j.^-L?.j oj-^-_^Jl oJjJrj-<Jl j^j Jj_^>3 

^JJl jv 4 -Jlj J~-^ Ojl ^^J I 4_^"j3 w\j I^^O I wt»& ^ Jod I I ^ »4IJ»«-*^J I 

^w»- jjLS' £-*»Jj| 2)j-JI ^>-ljl J_La j^-yaJl ^J-J->Jl j_v2_*Jl J_*_i Jj ^3 JLjJj>- 

.s-cJjJI <^*>cj oUUj-Jl 2)1 J ^*J IJ-^j jJl 

Q-~vJ od_&j .4_ol_P j^P J*_£jS jloL>-jwb 2)Jrj-<Jl ^1 jjI (J^ 2 ^ 

(Plate and 4 _>Ja^v w <J I oLoL>-^Jl Jo-j}j 3j-^l5Jl j^>-*Jl aAjjJp oLoL>-^-<J l 

ojlvJl c^LIpVI ^LJii i^>U-Jl <iJjJl oldU-I . Staghorn Corals) 

4 _>Lp o jjr^ ^Ji-ddJl old Jr j-<Jl 2)1 .(o dj j-odj ^-p 2)1 t^l) 

oJuJlJJI c_3j jiaJl ^3 JwOwy^d 2)1 ^JlJ J Lg-JJo->J C ^j^JwwJl oJ^J ^I^w*dj 43 *!>Jo-P 

^_3L^ygJI ^j>3 l-^ 3 ^J^l j ^-vv^tpVlj LUJl Sjl^>Jl oJrj^ 

*^_3jj_J 4 >jjLa^J L^djj_J Jw^>- ^jL^-ygJl oJ_»J>-_^<Jl wL^jL^d .< 2 p 2 )^-odj ^_»dJl 

4wJ_sL5JJl d^JjJlS' ( JoJwo <• ^ 5 -J^^ I lj\y>J>\ 

.^Jc^Jl jjiaJJ JS ! JUJL>- (Resident) 

• Ojl jJ»Jl O-XjJjjI 


J^JI 


0 jj-^- 

oLJL>- 


(1654) 


(1655). 


< hUp://news.bbc.co.uk/l/hi/sci/tech/4772715.stm >. (1653) 

Zooxanlhellae. (1654) 

M. Kuehl [et al.], «Microenvironment and Photosynthesis of Zooxanlhellae in (1655) 
Scleractinian Corals Studied with Microsensors for O sub(2), pH and Light,» Marine Ecology Progress 
Series, vol. 117 (1995), pp. 159-172. 
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aJU-j-oJI jJ>J 1 jl c 1830 ^ (1656) (Charles Lyell) J-J jJjLU Jli 

J-*_> jJjLJLj L^JlP (^^Ly2> 0j_So C c_5^ j--g-G 

1830 j»U JJ ^Li5 JjSlI -lU^JI jjjjb jJl^-Ij , (1657 ) oly^ 
c La^-N <u_!j oI j_>-S/l jIJlU^JI (HMS Beagle) ^3 oJS-Ij 

^^jIwUI ^-jL>cJI ^Jl5w» d)| (Jtij t A-oL>- j^>J| 3 

.^J y>- o*-^v^ olS" aoL>-^ oJl 

j^>-j 4_>^>o ^ j-^~j *" ® j^> ^-oLS"jj jj^r aJ aL>-j 

.AoL>- y» 

‘L^—> Lj>-j—o«JI o^_>j_>c_Jl ^^-5 ^_>L>-j—oJI ^j-m—LSsJI j->^>~ 1)} ( j_>jjl^ Jli 

<Lol>-j-gJl 3^-w>eJl A-Ju AjIlS" ^3 J .1 jJ-A 180 y>^j AXS"lo~^ 1)^5sJ ji 


a 


,1842 


)J_v? _Jl (The Structure and Distribution of Coral Reefs) 

j .j_>c-Jl ^li ji o3wL*JUj CjL*_Aj jJ* 2> C-olS" j-Jl Ji 


Jl>-^-gJl (Jj-vaJ-j C ^4i JlS” ^2_>jl ^Ja-^ (_£ yL^o ^jj2JL> c_)l 

Ja^3 c 1) 15J Aw*j 2 j 

Aol>-^gJl ^y* Jl C (Jlj^gJl C_5^" ^ CV3.nil3.to) ^jI^jIaJ JlS"^ 

t (1661)(1660)(1659)^J^J| ^ ^J| ^ ^ ^ J y ^J\ 

y l i : 1 jj 5J-;^> 0 i_Aj 


^J_p) jvJL^Jl 


C. Lyell, Principles of Geology, being an Attempt to Explain the Former Changes of the (1656) 

Earth’s Surface, by Referene to Causes Now in Operation (London: John Murray, 1837). 

C. Darwin, «On Certain Areas of Elevation and Subsidence in the Pacific and Indian (1657) 
Oeans, as Deduced from the Study of Coral Formations,» Proceedings of the Geological Society of 
London, vol. 2 (1837), pp. 552-554. 

C. Darwin, The Structure and Distribution of Coral Reefs (New York: D. Appleton and Co., (1658) 

1842) 

G. Neef, and H. H. Veeh, «Uranium Series Ages and Late Quaternary Uplift in the New (1659) 
Hebrides,» Nature, vol. 269 (1977), pp. 682-683. 

G. Neef and C. Hendry, «Late Pleistocene-Holocene Acceleration of Uplift Rate in (1660) 
Southwest Erromango Island, Southern Vanuatu, South Pacific: Relation to the Growth of the 
Vanuatuan Mid Sedimentary Basin,» Journal of Geology, vol. 96 (1988), osti: 7036330. 

G. Cabioch and L. K. Ayliffe, «Raised Coral Terraces at Malakula, Vanuatu, Southwest (1661) 
Pacific, Indicate High Sea Level during Marine Isotope Stage 3a,» Quaternary Research, vol. 56 (2001), 
pp. 357-365. 
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. <1664) ( u -jjl i jl i j i (1663) SJUJl>Jl I^Lj t ( 1662 ) L™J jJJI cJliJl 


l Ja.^1 ^-Jl l?^ ^->e-Jl ^£_Ajj_> LsJ-Lp 

^jws<2-> ^ j -oP ^Jl cl)b>-j-oP ^- >tJ (_5-^ bajJj cl)b>- j^Ljj 

Ij^_>- A3jl_P ^51 ^_1_P (_£jJl d)L>-^oJl .1 j^-A 40 J-LP Aj^j3 

Ij^J>- A^jbS" ^Jl j^)j>J| jl ^ ^Jg-*» jJL^A ^4J_>jl ^zSSuj .<LoL>-^>s 

j C Ao b>- j* 


Jb M 


. 1842 a Ip ld_& Cj^J *b& y 


(Professor Sir T. W. Edgeworth) JuLb <L>jy>-s\ j j_~ -J jj-Jl uil 

A_>jJa_> ( j_>^_JL*Jl 0jJLil ^Jjljlj j_JLp ^LJl 0 jjS I ^j>-ljl ^3 <Lob >-jji 

*j^~) (Funafuti) ^yby 3 jtj^~ ^y 1897 ^»Ip .uLb Ij_> . ^jj^jb 

^Ju t^Ul JubJl J*>U>- oN jL>t^>Jl ^ 3Jp .(jNI «Tavalo» jJliy y> 
<jl JuLb Jlij .^jb>-y-^ ^j-JJJl ( Jd? a) I \ I jL* 340 j->tj c_^-JiiJ! 

( jA *boJp c_btjj .bg-Jp (3*^J-v^J Cl—ajJ -ti Aob>-^<J| 3 ( j-P ( /jjjjb A>jJgj 

c3j-^ t yjb buS" o jij^r <y 1 y* 431.7 jyp c—*-Li b> j_aJ c 1934 ^1 p ^3 b)b>bJl 

.yiijb cl)IS"jj ^)l Ij-L/ 2 j ^Jj ^b>-j-oJl Lr JlSCJl 1 yf& bob .Ijbwbjl 

AjjJJI ^JobJi)! jbjJ>- S y cjUbob Aob>-^oJl jy>^]\ Jbo-*JC>iL ^boJLkl JtLk cjlb^ 

(Bikini and JLyylj ^j^y>- j t aJIiII iw<JbjJl ^^>Jl Jl*j 

j»bp ^ <1)15 ^ ^1 Jj_s^jJl vj^r Eneutak) 

^ ^1 . (1665 W^ ^ ‘ ^ 1300 ^ ^5! ^ 1 1952 

I ^*r ]g * .*j ^ ^ A»wd^bdl lg < Ajo^JI ^—3 I AP 

^y bub>-3j-^>cJl jt-! t a^v^LJI j>bp 14,000 Jl J>b>- \jla 130 

A_>j_ia_j ^lp c1)^I A331■>./?,,.<J 1 Cwojj .^ojJb> .^3b^_]| ,3. -s >C-^J I 

.Abilvvw<Jl APjJ)l<Jl J-b*Jl ( /^s bslp 170 ^jA y5l Aob>-j^Jl j^>JJ 


E. Bard [et al.], «Pleistocene Sea Levels and Tectonic Uplift Based on Dating of Orals (1662) 
from Sumba, Indonesia,» Geophysical Research Letters, vol. 23 (1996), pp. 1473-1476. 

J. Chappell [et al.], «Reconciliation of Late Quaternary Sea Levels Derived from Coral (1663) 
Terraces at Huon Peninsula with Deep Sea Oxygen Isotope Records,» Earth and Planetary Science 
Letters, vol. 80 (1996), pp. 241-251. 

M. L. Bender [et al.], «Uranium-Series dating of the Pleistocene Reef Tracts of Barbados, (1664) 

West Indes,» Geological Society of America Bulletin, vol. 90 (1979), pp. 577-594. 

D. Branagan, T. W. Edgeworth David: A Life (Australia: National Library of Australia, 2005). (1665 ) 
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^3 ^3 4-oL>-cJl d)LS\—*» d)l 3 -LaJI d)LS" 

^3 .^>C-J| ^r-)g.*Ai ^jJU—oJ d-oJ->cJl ^Tajj^\J 4j>c«Jo d)^3^Jli 

CO 2 —il (1)1—*o^</l 4 -^-o U3 lj_A ^>c-Jl ^r-lg,..^ ^^JLwvoa d)j *_uJl 

^LiJjlJ -UIpJJ (1)1oj3 4Joj ^cJDo Lo j-S" Ijlj_o>-l l!jJo>co (_£U_Jl ^ j_>c_Jl o3>C*Jl 
^Jg.AX^J 1 jJ^>cJlj J-oJl ^pj (jLS" L<OJ^ . j^e-Jl ^cJg—»■ j 

J j>^- ^ o^-S 1 (Quarrying) j t *lu-w* Ju>> c 

^3 CjI jjUaJJ Ja—^os P-Lo 4—Lo-P ^3 ^03 jJLpj-1—5" 43L—oJj ^jL>-^>J l 'jJjsl] 

l (3j-iaJl ^_>L>-_L^Jl jj>^j>- ^*)\jl31j c 4_oU l!1 «Lw<>JL*J1 o->^_> cJl 

jji *^L^>cj'yij <. 4«jL>ciji 4jj-*ji oioji ^-i^>u —*>1 o-^vj ^L^o>cj'yij 


sLwoJl 


^Jl>- Ji j t (Traffic) j-s-Jl JaJcpg 





jJli jj O^Ailoi 1)^3 .S-SlJl 4j jj>iw2Jl ^>slSvoJl ^Jl j> c-Jl ol—a JjljJl 4^3j^><Jl 

^l^Jl Ja-Oc-oJl ^IS d)l 4JLJL>- J| N j (. 4—9^3 ^Jw«lIxojj t ^oJL*Jl 


^LJl 




(J J_*-a ^ 0 - 0 ^ 4-oL>-j-oJl j^>tJL> oUa_*-^Jl 4j^>c-Jl SI j-Jl IjLo>-I J j^J ld_& 

,duL*^j ^J-P 4jg_9L>c^oJ' ^3 U3LoL>-^-o~U ^jJl*J| ^-ojJl ^JULaj U —>0 C ^^Lp ^^3 
JiSljoJl (Coral-Capped Guyots) iJL>-j^Jl jl^-jJlo .o U o-La ^ 

Ja^-c-oJl ^li -Up 4_*jLwZ> 4-J1 jPjjjJa oJ^>s cd)L>-oUai-oJl 4 j^>c-J| 



.UoU^-l j>c .Jl ^ j?**i 3y j* -Jj 


USLC (Record A m ). 


( 1666 ) 
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(j ^LiJj'y 3 (Maldives) c-d>dJLJl jy>- <1)1 LJ JL hj .(jyb\ 

^J^-9 .(_£ y>b\ < _5*}L*Jl ^-5 CO 2 —U (l)L**u^M cbLiL^I ^dJl ^_>c-Jl ^Jg-^» 

Jg.^>c^oJ' ^3 S y yp^- 1200 y*->cp3 t c-4jwdL<>Jl jj~T 0 ) ^dlJ.5 


( j-y^J .^JL>«Jl j->t-Jl £cJg^< ^j-b^s Jjji ^j-J^bs j-b d*_d> 

jl (Maalhosmadulu Atoll) J^Jl jJj3Lo-^j_g_!L> ^j^r jd>Jl °^ LA J^J>d 

4500j 5500 jy (Logoonal Sediments) id j_pM jj ^^Jlp cJdLdJ j^>JI 


^*C Jg. *.*» y^~P* 


^bjl 


^_>^bs ‘-d_>c_)l ^Jg_^A> jlS' L^wLlp 


jJj>cJ| C CbjJl dlJ.5 Jb ^>e-Jl ^Jg.«*> (_£jb~4 £jdjl jd> • ^>eJl 

^J-pj ^_S"Id^ 5 1^00 0 jJ3 J>L>- ^Lp 4000 ^*3 i-JL>Jl La^L^jI 

<CwOw^<^> jLp3 o!^ jUJl ypyJ d-v^LoJl LjLp 4000 Jl .ilJbl 

iiUaJl O-iiL ya C^J-pVl jJ>c_> ^^f-jLdJl d^g*Jl Lo-j Lobo t-bVl 4-L>jJgj 
y> c-Jl gja.o ^_9 ^Lp 3900 Jg.^g=*"c—o 11 ^dojl y :1 .j^_>c_]| lbl _bij 


r 


Lp 


jLS"j c Ula .Ij_>- 


^_sb 


Lbs j_*_> 


1.2 Jl 


1.1 


a- 3 


J J->cJl 


^Jg-AO jjbvos Jldj tj'yi 0.2 ^Jl 0.1 _> ^»Lp 2700 ( J«3 ^JipI <_ajjJLJl 

.d'yi y* 0.6 ^Jl 0.5 ^J-pI ^]g-^>jJl jl^b>-l J>L>- ^y>c-Jl 


.j-b> 0.3 0.2 c 1970 a Lp J_bs c-bJJLoJl ^3 j_>c-Jl ^ j_b^j >co ' 


jL5 lilj . a668) ( » > J , Cr 3 1970 j 1900 ^ ^Jl ^j 15j 

^-k- ^Ikjlj Oj-aJl jj-ljl ^ jjl; 

^>3 yy\yj_ ^d-&J .^^JlP^I J->tJ wLo>cJl y oo Jgldu ^L*o o_3 y^> <• b jJ>c-Jl 

bdLdwft ^dLdJl oLid-*jdJ li>Li>-j .L^Lp 150 cJ^ d/dJj^ (J^*^ 

^Lijjl ( /^os Ol jJL 9 (Jt)L>“ yoSJj (. I Jo>- dj^>s 4 »oL>- joxJl jJo>sJ! (1)1-5 C J-0>cJl <LoJg_>i 

d4-b»~^ 4j>cko ^j/7 H“>*-yj ^Aj y jg>*c-Jl ^c-Jg-*.Ai ^^bwvos (jLS*^ .Jp>zb\ ^cJg-*.Ai ^ 

(_JcoljwtJLoJl JyT L)i c_^_*_o2-> dLJ^ p^- b 5 ®j-w23 <blj>co3 

(_£ yL^P» Ol j^xj i)\j .doJj>cJl ojl ^g*cJl ol j-w*J <b>t-Jo Jg-o>co>Jl ^3 


P. S. Kench, R. F. Mclean and S. L. Nicol, «New Model of Reef-Island Evolution: (1667) 
Maldives, Indian Ocean,» Geology, vol. 33 (2005), pp. 145-148. 

N.-A. Morner, M. Tooley and G. Possnert, «New Perspectives for the Future of the (1668) 
Maldives,» Global and Planetary Change, vol. 40 (2004), pp. 177-182. 
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ol jJu2j ^LLL^JLxjJI AjjULj IJLp- oAi_)J_>cJI olij^l ^3 jS> c-Jl 

.4jwLJj>- ( yu La jA jwLJj>- jj^P 


(Dating) <l>-jL>j w^*<L«LaLJUj l-G jj_Ls ^3 LoL>- 3 j-^>~ <-^*515 ‘-LLJ 
12500 _ 17000 ^Jw<3 ^>t«Jl ^Jg-^a ^JL*^a ^5 i^ILa 20 OjljJLa LpLL jl C1 jLJL>-^ oJl 
11000 _ 12000 J^i lyL. 24 ojlJJLa ^LL'jl dJUS t O670)(1669) (a U 

C ^»Lp 10500 — 1 1000 ^*3 ^>c-Jl ^Jg-^a ^^»wa ^j^\jiJ >cjl dli-i £-0 C ^Lp 

c ( ^ajJl IJ_a t ^»Lp 6500 — 8500 ( J«3 1 ^La 17 y >*-Jl ^Jg-^a ^ yi^a ^ojj\j 

— 7600 ^*3 jljLal 6.5 OjlJJLa ^>c-Jl ^Jg-^a ^JL^a ^3 j-y» ^LLjl iJl-LA (1)15 
<*—> j& 4_>c^j2-s^ 5 c-j'L w^uI ^Lajj^I 1-La d)l5 Lo->j^ .^Lp 7200 

^ y> c-Jl jljJL* ^3 LJLo^>-^M olco^ALwvwoJl j*S* ^(^JgjJl 

^Lp 5000 6500 ( J»^3 ^>c_-Jl «a yyL^a .^Lp 6000 — 8000 ^J~_9 


^Lajj^I L)j.j .«LwgL>Jl 5000 -Jl ^j-Jww5l cJ*^L>- yy>-\ jLul 7.5j jL^al 3.7 4~5>L> 
j|jJLo-j 4jwLJj>cJl J-*_i La ‘LLaj'yi (J*}L>- ^>c-Jl ^Jg.«a ^jJL^a £jJjj| L>5 .\jj>- 
^3 jjL<j-5_La 1.25 t j>Lp 9000 ( J^-9 UgLoj c/»L*Jl oljjLo-5-a 9.5 

5 yji\] j»L*Jl ^3 I^-o-5a 45 j^>6-Jl ^]g.*a y jjL*^a ^AjsSj*)} cJj»*^a ^LpI L)5j .^»L*Jl 
^a ( j-aLaLALJlj Iwbjj-Ls ^3 ol j*5jJI o-La L)jj .c5j>- ^Lp 7200 ^^Jlj 7600 ( j-o 

^P C_JJjL>c_> ^_A^ t ^>«-Jl ^r..lg *a A-woJLp_J 4^1j>c-a ^-a 4_P^^j>c-a 

. ^^->c-Jl ^xJg->-a <U-oJLp^ 4»Jj>c-a cl3Lwal^)3 


IJj>- 4 ^j^J! Cj'y J-*-oJlj C oJj J_*j| ^>c-Jl ^Jg-^a y jJL^a oLpLaJj! ^J ^-5 

4 P^*vj ^Jg-<a yyL***s3 La^Ajp^ .A-ol^-^-oJl 3 ^-^>cJl C ol^L-v-a ^3 

j+~Sj <. 4_>J-5j>cJI o^_ aJI -L*_> La wL5_>cJI 4^>c-5-s^ L)Lj3 cJ*^L?- (^IaJI ^3 IjjL^-5-La 45 


CrrriJ 


(1672) 


L^iSLij t ^JL>“j-oJI 3j^>cJl 


c 0 j ^ A,<g -o. )' oLw<5l 3^-A-*x 


G. Digerfeldt and M. D. Hendry, «An 8,000 Year Holocene Sea-Level Record from (1669) 
Jamaica: Implications for Interpretation of Caribbean Reef and Coastal History,» Coral Reefs, vol. 5 
(1987), pp. 165-169. 

A. C. Neimann and P. J. Hearty, «Rapid Sea-Level Changes at the Close of the Last (1670) 
Interglacial (Substage 5) Recorded in Bahamian Island Geology,» Geology, vol. 24 (1996), pp. 775-778. 
C. R. Sloss, C. V. Murray-Wallace and B. G. Jones, «Holocene Sea-Level Change on the (1671) 
Southeast Coast of Australia: A Review,» The Holocene, vol. 17 (2007), pp. 999-1014. 

M. A. Toscano and J. Lundberg, «Early Holocene Sea-Level Record from Submerged (1672) 

Fossil Reefs on the Southeast Florida Margin,» Geology, vol. 26 (1998), pp. 255-258. 
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14000 ^J-«3 (j- 0 ) <L-dL>Jl -L*_> L> L-ajVI (J*)L?- ^jLoJI -LoJl j-oJ ( J-«15j j-LL—a ^Jj>c— »> 
j >cJl ^r-lg.AAi ^ yL***~a ^LLjL LuL>-^oJl 3^J>cJl (1)1 (<jNl ^L>- ^Lp 

-* ’"(L L ir° jr^i £_L ^ 


yx^]\ »L* y -jl.L*Jl CO 2 


t-_3>L*Jl L*—*< ^jjo jsS i ^_A CO 2 —U L*—*>lj *LLjJj>c_j 4_*—*< oUa-^>c^JJ L)| 

Lo-a ^Jl5I CO 2 ^y 3 Lfl_*_v? ^j-oLo-j ^_Lp Lla—>c-J 1 ^ c_>^ .djLL-Jl ^1 (_£^_>Jl 

L5^i L - * LJL ^>cia-wvJl CO 2 Lw^-SJ ^j-yfl.31 Lo-£3 J^j-i La ^j->Jl ^-3*)A_*Jl 4_>jL>c_> 

J^5 ^-a LLoJl ^_3 0.001 j_>c_> (_£j->&Jl <—3*>L*Jl ^_3 J^->-yjj .(_£J_>cjl c_3*)L*Jl 
oLk-^Jl • (_£_^>Jl *—3*)L*Jl _ ^/?j % yi 0j~L3 ^LLlj ^3 3jJ>-j-<Jl L)j-^sJl 

JJ>X-)J .do ^5 J Jj>c_v^ J^jH L"* d^Lww^ ( Jw^-dJ CO 2 Jl jl ^-LL-*»L 

^_3>L*Jl <UjJL>c_j La ^_L_P 0 jjs 40000 -b^J CO 2 ^^-5 <Lu j-j^.^J l j y>* .y2.11 


^3 o3^J>-^Jl Lu^j oLjl ^J5 ^y3j Oy ^^Jl L-o«5 4j^Jl iS y**-* J .(^£^>Jl 

*L>-Lwvwa ^a 4jbJl ^3 70 ^- >tJ bjUa—>c-oJl 4 j>-L-*w 0 ^ia_*_}j .a-L-?*-^! 

Lo-5 . CO 2 Jl Lv2JLa^ 0j_~_5 4^>r L?.^ O-L^a ^_5jJLS C Abo^jL^J^l C_— 5 j5" 
AoLj3 ^A oL-Jl ^3 CO 2 AoLj3 L)}j • jJ>cJl oL-a ^3 CO 2 ^L^Jl 

C (Jl^ C ^-LJI C JLuJI ^j-p) a-Ljl ^3 0 J - 5 • ^-*-a^_ 5 L*^a 

oL_Jl CjL LJ_5s3 l L-a^5L*^a JL>J1 L)^-^j CCO 2 .LsJ oL^Jl d^oLS" Lo-LS" 
j->^J ^SLa! (. ^LpI Ja^-ygJl LIS' LJl5j L)1 CO 2 ^ys wb^J (j^Lal 

.<_->jwL L)1 CO 2 ^y 3 


^3j . L> j-ba 15 j-2i -La1 4_L^_L> <Lo j5Jl Ojl^J>Jl <L>-j3 Ja—aJ-La (j| 

15 4^-j-bj . CO 2 L—*>L-oJl L^jl^5 1 * -jij (jl ^>cJl oL-J ^j5Lo->_^ a^-j-UI oJa 

Lo-Lo (. L^_> ^jy£?L>Jl CO 2 y>ts>- ^jja ^L5"l i b-<Jl ^3 19 J_>c-Jl oL^a ^j/2_bb> LjJ-Lj 


M. A. Toscano and J. Lundberg, «Submerged Late Pleistocene Reefs on the Tectonically- (1673) 

Stable S. E. Florida Margin: High-Precision Geochronology, Stratigraphy, Resolution of Substage 5a 
Sea-Level Elevation, and Orbital Forcing,» Quaternary Science Reviews , vol. 18 (1999), pp. 753-767. 

K. R. Ludwig [et al.], «Sea-Level Records at Approximately 80 ka from Tectonically (1674) 
Stable Platforms; Florida and Bermuda,» Geology, vol. 24 (1996), pp. 211-214. 

S. D. Smith and E. P. Jones, «Evidence of Wind-Pumping of Air-Sea Gas Exchange (1675) 

Based on Direct Measurements of C0 2 Fluxes,» Journal of Geophysical Research, vol. 90 (1985), pp. 869- 
875. 
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<j"d j 


^ wLlp CO 2 ^-a ^L^Jl L^o. >c-p- ^-a (J^ 4-L^Jl 12 ^/2JLo—} 
ojl jS>- 4_>-j.3 .Ja.,^1 ^JLa ^j-° jJl J 20 IL I*i_A . 4_> 

.p|^- gJl ^3 CO 2 -Jl jlJJLaj Lo 



^Jp) lH-^ CL*^- ^il o^jLJl oLil <j' CO 2 4«oL j.3 oLj*>tLo J/w ! 34 JiLdl 
J J 2 4JL>- ^ jjJS £aj . CO 2 <j-a 6OUf UjJj (olla.^dl glS aL-a C JLi! 

eL»a Ulj c 4jj^bj j^UaII CO 2 J^*a ® IflllCftJJ t ^LJrfl 

Jb5*j tajlJU^Ij CO 2 0 4jc%*» olk~>^JJ jlj . CO 2 —> Lj 4-*™-a 4£iljJl 

• CO 2 —il 4-oL^.i ^3 jj\ U^J 4 J 3.k*j2j Ja^>ell Ojl^3 0 y S^fi 0.iLj 


^1 ^a j^S"! CO 2 ^y 6 l-\o^a OjUl ^r-jg.*,^.ll ol—a j^2loj 4-^Jaj3.Il J^LwoJl ^3 

AjL*SS OjL CIjIjLo ( ^y<*^2 4-wJg-A.Il (JjJ^LwoJl oLw^Jl oL-A .^>-1 0^^* 

^_3 70 j_>c_j OJlj>^_>J . Li J_j La J_LP CO 2 0 j J-yg—a J-L*-^J C 4^_lj>tJ 

L-Jloji L^L »2> .a) Ul_SLa Ja. : >^oJ' (Degassing) jUJl LliLiJ ^ 

^-vflJl) oL^>cJL ^>-^1 jUJl ( yjo 4_l<>J| ^_3 30 Li_L c (oj 'j^J' Lf^j->^ 

Ljj>c-a o_3j ^_*^a ^Ja.-s-vJ 1 Ou L^^SLJl jj.3 (jj / \^J>-jJ j_~Jl 

^ jJ>cJl CO 2 (_£ j^*^a £j£jj (. 4-w>- jJ j^Jl oLLo^Jl 0 J_A O-L j I Ljj (*^j' 


L. Endersbee, «Carbon Dioxide and the Oceans,» Focus, vol. 151 (2008), pp. 20-21. (1676) 

T. Volk and Z. Liu, «Controls of CO 2 Sources and Sinks in the Earth Scale Surface (1677) 
Ocean: Temperature and Nutrients,» Global Biogeochemical Cycles, vol. 2 (1988), pp. 73-89. 
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^y oLxJL^Jl jlwiJLa ^y 

CO 2 J5 ^y> ol j^xj c_ 


(1678) 


£L>- ^ .JcJ ySLsyj . C3I 
d)l Lwoljil C—>o L>jJlSLJI jl oL la^j>c^oJI 
. ^j^>Jl cJ*)A-*Jl JiJjJl 


cC0 2 -Jl y° jJJ 10 J^o-P ^ •*_(L)l ^>cJl oLw« (jlSJl; 

oLw« ^1 wLjIjJj SjI j->cJl jl jJLJI I2-& 3l3j_>j 

C0 2 y* IJI-AJLa <zj Llg^j>c-xJ' ^J3*J JLp d-*->cj 3 ^j>-^-'JI o3jlJl ^j>cJI 

^• C0 2 j-U2j c ^Ja_*Jl oLwoJl d—*-£_)j! .wL>^oJl v o Jj ol y^~yj 

c Ja-^-ygJl ^3j-> L«jj_xi . Jj_^JLi *l*_*_jlJI a_>jL*Jl oLjj-JL<Jl L^-wvo2_> 

C0 2 COLplJLs ^^ Ja j C (aJ_xJ| _J 4JwO_Jl ^c-3 OOP C JLoJI ^J-p) 
.43^xJl Ojl y~ (_5^i ‘'"’J J^“~ (_)~^ > " > ~y **_’0_/~dJl liOj ^0>- 

<.( ^ iw3j yvs ^jLJI Ja^>c^Jlj y ^>Jl ^_i>AjJl yj C0 2 J 3 U 0 } 

3jO^-l I 3 I y j4>cJl c_i*5d*Jl ^3 C0 2 y^y ^LajjI ^wLoJ ^^LpI w0>- ^j^Lyj 
d)l ^^->Jl c_3^\_i_]l ^Ll>c_} j .^_^Jl ^y 3^j>-^~<JI ^ *)I I 3^3^Jl ^J3 
1 —<LpL ygJo ^_SJ j- ; fJl ^J>A>*Jl ^3 <iJL>Jl C0 2 £ Lwo-5' LjL*-^ 51 _> 3jj_> 

<-3> , d^Jlj oU-^^Jl Ojl j-j ^J_p t ( JJ'- a '*° ^-J> , d*Jl Io_a ^y oySy 

ol •>— $j ^*~Jl yjyis -^I sy^}\ ^y d) yy° j!j_ax>JJ ,yy >31 


ri-*- ; (*-! 


L«« 


(1681) 


3. a 3 ^^_>cJl <-31 ^y C0 2 y* 11 ^jlxj 


^yy ^Ua-^>c^>Jl L^j (3^^ 4aj^ laJl j^xjj c pL^o-^SdU 4 ^a»Lw*»')I| ^uI^aJI 

^3 C0 2 jlAia 4_A^Lyg-oJ 3 0d*^O*^\J 

J^L>- 3j_^-j-^Jl 3 j_£jJ l ^j)->- OLwvO^ll I 3 J .^j_>cJ| ^_3*!>LiJl 

C0 2 J (Turnover) N15 jj_53-wvJ t4_^3UJl 300 Jl oljJ^Jl 
^1 JJ ^ ^U>l C0 2 Jl (; ^ r dil j4>Jl ^Jt)dJlj C^Ua^->c-JI 


E. Eriksson, «Possible Fluctuations in Atmospheric Carbon Dioxide due to Changes in (1678) 
the Properties of the Sea,» Journal of Geophysical Research, vol. 68 (1963), pp. 3871-3876. 

R. Revelle and H. E. Suess, «Carbon Dioxide Exchange between Atmosphere and Ocean (1679) 
and the Question of an Increase of Atmospheric CO 2 during the Past Decades,» Tellus, vol. 9 (1957), 
pp. 18-27. 

G. Skirrow, «The Dissolved Gases-Carbon Dioxide,» in: J. P. Riley and G. Skirrow, eds., (1680) 
Chemical Oceanography, 2 nd ed. ([New York]: Academic Press, 1975), vol. 2. 

Z. Jaworowski, T. V. Segalstad and V. Hisddal, «Atmospheric CO 2 and Global Warming: (1681) 

A Critical View, Second Revised Edition,» NorskPolarinstitutt Meddelelser, vol. 119 (1992), pp. 1-76. 
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(1682) 




oL y y ^ olj y^S 

JbJL 3t*_>j C y jJ>cJl ^_3*)L*Jl CO 2 (^j jJ 2J>-')}1 3j_3jJl (^1 j3»4 ^-<3-w2j 
^J^LJLJIj j^\J| ( /^s yLS^a^) C 14 3j3jJl l2_k y y>yj .oUa^j>c_^Jl 

oJw^-*-Lw*il jJ i)jSij jj>c-Jl oLw« ^3 C 12 J C* 2 ^3 oLjJl oli ^JLJLj c (ajjjjJI 
^L^w>cJl ^Jwa1_>cJoj . ]gd*Jij ^->*> 1)1 c 3 y~ y° CO 2 4iL24 ^L^>cJ 
c <L>Lj jS>SL)j l jj_>c ■>./?, 1 i ^3 L»^jlSs-JI ( Jjls <_£j->4 j3Lv2-« CO 2 4_$waLwvw 4 
c c_^—JL j>c_JI (3 y~ j *• (A)tA-J0 U^-jL*J l 4 _j j_g_>c_^J! oLxJL^Jlj c y-*%\ 

(. y j^Lvs-oJi oj_A ^jwAL>c_> 

c O’Lla-*_>c_^>-JI gJa.*■*» ^j->s ^JL)Lj J_ULa yjy^y\ 3^Jl ^_3 CO2 (1)^3 

. di-L ^Ja-wvJl oLv« ^3 CO 2 y* a1x>J| y 3 

ys* 0wiw^*_i C3Lla^->c^o3' ^3 CO 2 -Al £ L^o«S' <_jL*^>- cjj 

y-A C0 2 (Degassing) jli- dLSiJsJ J 3 L*_>j .Oj_^y?, 11 ojjjlSO <4jJL^I ia_>- 
CO 2 jIaJLa oL^o^M 0 UU 3 ^JUJl CO 2 4_sL/?j c <Lol yL^ s )l 1 oUa^->c-^J' 
y (Outgassing) jUJJ £> ysJ ^~c>oj -4—kill ^ ^lUl 

c <Lu IJj_kljwoJl ^3 0 jJLj 59 Sj 44 S oL>cj'y! f y jJw>tJl Ja^_>c_^Jl 
^3 IJ^joj c <4 yL .k_>- yL* ^jJaLw« ^o-si 5 ji (Uptake) Ji>-I 


(1685) 


4» w aj'yi s j£ii 


4^Jy<~~a 4 -> y**-* 

(1686)„ 


°J-f- 


>cj y* <y 85 j_>o d)| 

jy>t *^3 JI ^r U—fl_Uw<>-Jl ojl ^j>cJl yA 4_L^_]| ^3 75 ys* 


^ps>y .y?yl I (Mantle) ^UaP ya (.CO 2 L^-3 (,yS\y}\ ojjfe o3L> 

oLLp ^A-P ^JwoJLXJ Ja^>c-x>J' >. fl-yg-lLa ^3 ^3 3IJJL^I (JjJa JLio^ I 


P. H. Abelson, Uncertainties about Global Warming,» Science, vol. 247 (1990), p. 1529. (1682) 

R. Key, «The Dangers of Ocean Acidification,» Scientific American (March 2006), pp. 58-65. (1683) 
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oL-w-^jJl J^U jL^kJl ( /^s ajl<J| 500 ^Jl J.^j L* c 0 1 

->LM jJl ^^-3 <L^»r k«Jl 


A a 5 ^y^A I 0 w\_?>T ■* •<)» 1 I 


°J 


IwiJLa ->lo jl 


JLj* <JU Aij . u/ 3 U c L j JI v 

iijJ>c-> t I jjkJ .A»JVl AaJlJI A^Jaj^l ^3 jJ*Jl ya ^_3L*_v?| 
aJIjJ ^JbJLj t(Lv^j_v 2 -p*-) cjU a^j>c^oJI ^3 j-yigJl c_-wJ yS I aJ_^p oLulS" j-o-> 
JLw J->J->JL ^^P ^)Lp .^^>cJl c_3*5'\»*J| CO 2 —Si 

^Cjllg->i-<Jl i. ^jl>r./gll »W3l>tJj 


oUa*^>sil 


I j_Aj . 8.2 ^Jl 7.9 ^jlcpH JL a^LL* t a_*/? olk-^>t-<JJ 0 } 
.AjjJ-3 *}LvJ C^LL^>c^J' 2)1 (_5^d J-a t (pH = 7) ^*-JJl wbL>c_Jl ^IpI jJl 
pH7 ^ cAja yJI pH6j c 14 _ 0 ^ pH Jl ^LLj jcl^j ^ 

^y3-fiJ >Jl yA J~T* jl^LLa (^i ^Lj>OJ . pH7 0 ^0 AJLoj A_a/ 5^jJI pH5J 
^_v2j l ^2^J>Jl 5 yJ>- J 5 . pH.6 pH8 yA jS> c-Jl 0 Ja ^j^2-wO->c_J 
^_i_P 0>LplJ_Jl 0 J__& ^g-yg-Aj J ,|jU>- A_J_pJj ^Jl ^ 1J Jj_>c_v2_Jlj o L^aaI ^^JI 
^3 AjjJ- 3 oJjlj .^cJJl ^ jUl oUa^>tJl ^ yCS <. 

( Jl 3^I oLw^Jl yj Lo-Lo c Ja^j>c^Jl (l)lj^^ JL>->I ^3 J»j>-!^JL> dJLla-^>c-xJ 1 

^Jl Ja^^Jl ^ Ai^Jl oJJl JL^aJ (Upwellings) ol^LwJl ^ 

j_vaJl jJl A^wLo-J aL>c_JL)J C A-ol J_j| JJ_JL *LJ-P 0 J-Jl 0 J_Aj .£kJI 

Aj ^>0 oL>cJ AajI Jp JaJ^aI ^JjLa*! ^2JJ C Aj ^J>e^j 1 O Lj ISLI J&5y 
(1733)- . 




^iS"! olL.s>cJl ^-vaJ t^>cJl oLw« CO 2 lij 


J. C. Neff [et al.], «Increasing Aeolian Dust Deposition in the Western United States (1731) 
Linked to Human Activity,» Nature Geoscience, vol. 1 (2008), pp. 189-195. 

R. A. Duce and N. W. Tindale, «Atmospheric Transport of Iron and its Deposition in the (1732) 
Ocean ,» Limnology and Oceanography, vol. 36 (1999), pp. 1715-1726. 

JL^S’ljUjjiL .C0 2 + H 2 0 =H 2 C0 3 , H 2 C0 3 = H + +HCO 3 ', HC0 3 ’ = H + + C0 3 2 ' (1733) 

= 8 ) C0 3 2 j (^il J> 93) HC0 3 j (idl y 1)SU^ ljU 8.2 Jl 7.9 yo l y..,iQy* ^_jl oUg...>LI l y i)yj£}\ 
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c oU^Jl (Neutralise) t J _> t _Jl oL_^ C0 2 ^-4Ju Ujj^p <ul 

OlJ j-ijS oL^*i jj <• 01—woJI ^3 dl4 j j AjIwLoJI CjL) j-ij£3\ ^JupLijJLj 

LwLo- .Ja-s>c^oJ1 tal .Ja^w>c-x>J' ^li ^JLSlJl ^)Jl j-wwJLS\Jl 

. (jl a_>^> c-Jl o>ljuL5\Jl k siJ-v^l l)j J^JzJl ^j-^-o-^3 c(pH <7) 

ojj*-l c-w2j2j>cj1 jJ c oLk t w> c ^Jl *\ys>-\ < cJ? j-*->Jl <1)1 ^^ol J-ij 

pH .Ja^,>&^jLi (1)1 jLjlpLj^ • 0.1 jlJJLo-i 4 ^p ll.yaJ 1 SjyJl Ia>c_)L> 

^-JLoj .a. pjJjl* <—L*_^-lj j -^jl11 1j_& d)j_SCj jJLs 1 8.2 ^Jl 7.9 

^^2_oL>cJl] (jijLl^Li^l c 4 _l«1-5" ^lJ-o aJjLS lS" 4_^^<>->cJL> 1 jj>- d-oJ->cJl 

^j-wo . 0.4 j1jJLo*j ^j_j^_lL*Jlj ^^L>cJl I)^JLl 1 a_jL^_j (Jj_L>- j_^»>cJl 

^JL-l *JLla oJL5 LJ Nlj t J^jJ N iJlJL^Vl 1)1 J^Jl 

.ol y* jJ^S” 4.8 J^p (^i Pj~Jl£Jl olJjjj5sj a *-*JLa oUa-^>c^>Jl l)|j . c-^l-W? *)AJ 
oLJ j->jS t cjLia^_j>c_^-Jl C0 2 J_>j_*oJl c_4_*_v2l tajj 

(1738) 


^ J_JlS^l 


(Gypsum) ^_1 *y 1)1 C0 2 ^ ^JU2>1 1)LS0jLj 1)15 

^jJL>c-« 1)15” 1-ijj . cli-ta d->^Jj j-wwvJl-SsJl oilj_>^5 yo *)J J_; olk^Jl 
Ml dUS d.JL>o Jj , (1739) olk^Jl ^ o~o j ]jjdl cW LJU C0 2 

yS\ (_£ C0 2 j-j 1)LS" Loj-Lpj .^LLjjj j^Jjjjj ^jJI o!j_L>cJ j»*_> 3 


ot>j4U <_!_>\_5 j*s- ^ oli jjjSL) o jjj £Jl jj>«_Jl oLw« ^3 ^.(^ell ^ — 

jJ t kliJi <iL^J . Ca 2 1 [ a q] + CO 3 2 [aq] = CaC 03 . iJoL-» yj*' iJL>- y> ^L^-lj c *_j| J_v^l 
^^j- 4 o jj /3\ J*~~S\ (jlj oLi_«w*Jl oJ ^-j .0jjj^sJl c^j^-wxl oLw> y}\ ^ <>j>5j>5_a 1I oLlI 
oLj> y CaCO 4-1 ^y *— y>^*j c LJl>-j .j j y 4 j y*-> oL ^Jj y 

.dj| J~a 4.8 y# y‘*^' 

K. Calderia and M. E. Wickett, «Anthropogenic Carbon and Ocean Ph,» Nature, vol. 425 (1734) 

(2003), p. 365. 

P. M. Haugan and H. Drange, «Effects of CO 2 on the Ocean Environment,» Energy, (1735) 
Conservation and Management, vol. 37 (1996), pp. 1019-1022. 

S. C. Doney, «The Dangers of Ocean Acidification,» Scientific American (March 2006), (1736) 
pp. 58-65. 

A. J. Anderson, F. T. Mackenzie, and A. Lerman, «Coastal Ocean C0 2 -Carbonic Acid- (1737) 
Carbonate Sediment System of the Anthropocene,» Global Biological Cycles, vol. 20 (2006), GB1S92. 

W. S. Broeckner [et al.], «The Fate of Fossil Fuel Carbon Dioxide and the Global Carbon (1738) 

Budget,» Science, vol. 206 (1979), pp. 409-418. 

Gypsum CaS0 4 .2H 2 02 dolomite CaMg(C0 3 ) 2 (1739) 
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jU^j ^ lj~£ Jj^jy.Jj^^ f /■! 0 ^ 

oi>L*Jl ( /^-o CO 2 —U ^ j-Jl olj-> (_£dJl (l)jl^-^l (1)1 . iij_>jJ^-ojjjj-jJl 

Ij-A j-oCo j / ^»o*>La oiL/I J-La ^JCo oLia^>c_^Jlj ^j^>Jl 

^■Lo^y 1 ^»j*)Lo^ ld-& .^51 ^Jl ^a CO 2 —L c-4-JlS\_)I j|j_v^^l 4_Lajl ^3 (jlj^jJl 

, (1741) olV_]| ^3 (.J^JIS^I oU^£J JbljiJl C0 2 JJ ^IS*JI 


^oLoo L^_1 _aL>&jo oljLwLa Ju^ cJ-b- ^iJl <uo >-j 2j-^>Jl <LwLo-^Jl 0 3_&j 

*ui-^j>cJl ia.■><*.- > ^oLojJl d)l ^ js>-\ 0 l*L& j^jj c IPCC _J £ lJ>-LwoJI jj 

.oLUl ^j/£A j I_UwL 1 lJa.>.*.^.>j 


C—>cJl (j'b/ C ^-^cJjJl (j ^5\J Alajl (J*)L>- ^LJ-S (__£ jJ>c_ll (jllwoJl jl>c-a £j£jj 

^->s_i 2 Jl OlJ j-S\J 0 -—o jJ Jj J . <j j_^_>c^Jl dlolSCl ^jja ^ J 

.(1) j_> j_SGl wL^*^5'l ^jUj ^ jj>cJl (jljLwoJl ^j-a La L3LL& (Jl5 LaJl_P <^*^0 jJl 


4_k_ 


j-^' a_> oLI d>ljoLSC! 


;L5 


OjL> ‘Ulajl (Jt)Li>- dC.} oLS'j 


(1742)’ 


JJ> (Permo-Carboniferous) ^jjJu>yj\£ _ jJL>d!l j . 

^j| 0jj^5Ul wLw^S"! ^jUj ^Jl*Jl ^^>&Jl ^ t ^Ip 0 260 _ 300 

<—2jj IgJl ^3 oLwoJl yJl ^3 (1 )LLwoJ| jl_P J2 -j^j .wL) JwJo jl 

jlwiv^^/ . (Methane Hydrate) jllwJl oIjXj* J^SCii! cOjUl 

C <U_o2jl Olil^Jjl ^a OJj>u (1)1 ^j_>cJl o3>L*Jl 1 )LLwoJ1 Cj1jJ-^A 

^ ^^Lflj>ol ^a oC-w*> J J-Ajj <• iijLoj olojua y\ j (. ^ ^ ^ jJ 

.^>c-Jl oL^a jl j?J>-\j L ^>c-Jl L1-4 j 0L1™j 1 J C ^>c-Jl 


^yO 4_>cjL (^Lp IOOOO) ^jj-wvJl jl ^yA 0 j^y2i 0 lil-LA vlol5 

> .^Lp 1)j-Jwa 55.8 lg-0>c-^»JI ^«a cjLlwoJl vl>lj^A « ^ ) ^_^-ljLa jlwLv^j 

jlSo C (Jj-j j^sJl wLww^l Ij c_3 >LiJl ^3 jlloJl OljwL^A 
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F. Nunes and R. D. Noriss, «Abrupt Reversal of Ocean Overturning during the (1743) 
Palaeocene/Eocene Warm Period,» Nature, vol. 439 (2006), doi, 10.1038/nature04386. 
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Zj Ua^>c^oJ' 3 s-LoJl jL>c_> 


- m, ; • 4 (1745X1744). - . - . 

QjZjV) oUj . ‘'—A< 

^-9 j_^Jl jjLk-J J ^j^w>C-WM_5"'y I Jg.^ >C-^J' *Lvg J^S>~J j! jS-P-*)! ! 

^3 jl5 ^>-LL« jJu iJljjfc (1)15 Lo ^_9j ^j^-wvJLSCll oIJ^j^S" ^_9|j~s^I 

/ ^OjjJaJ Jj oJj* Jj>c2j j*J c * ijjJi 

C2—L>cJl ^ jj| J4*^J| ( JJj2LjI t ^j>-IjLoJ| j! jJ^-'yi ya o jZji]\ a j_A (J*)k>-j 

^ J^'j 2 - 7 cA 4 - 8 O'* Ja^j>c-^Jl ^j^wJLSsJl olj y,J* 

4_j j_>e_Jl 4_)CL>L-Lo-*_i LoJjI.5 'u/LvS-AjI ^J^2j2j!_j djLla^>c-^J' ^3 CO 2 
^oLoj ( y ^Jw^L^S” obu^oJl J-L-& Ij_a . p 100000 3 

.1PCC 


LpLLjI ^cJLXj d)l ^»Lp (j55.8 ^-w2-fiJl jlyj>~^ \ djJj>cJ ^_^_>c_> d)LS" 

^ 3-0 *. 9j y» Aj y> c-Jl jSJ) 1 ^4^3 .^_>c-Jl ^r_k. *ai ^ 4 ^3 IjjLj 

^k~» y y^a jl tlJjJuJ^J <-3jj t (jLo-^Jl j^->j t (New Jersy Shelf) y^r 

.jlJ>k>- aJjj 3 J} tj»lp 200000 ( Jw--3 IJj ^>c_Jl 

‘Ulk^j) j*S* j\S y jL>&j2j1 1 j-& y>cjl ^f-k„.>A» ^^Lkjl ^Jo Looj_3 

(1)1 clr 0 ^ * k.^>c^oJ 1 y>- y>x^- ya ^JJis (kolS"^Jl (jLo-Ji 

c *^Lol_S" L 0 W 43 Oj j _^_03 Owv-vwJ y> c-Jl ^.k* a» 3 l *-j| j-^-*-jJ jlj 2 L>-')/l < 2 j 1 J ^*-1 

(_£ j-> ^Oj-ojJl (jU ^JllJljj 

C—3jJl ^3 L^jI (pH5.6) ^^^JLll O-jLS" jLk^s'yi oL^s d)l 

oj-Jl ^_5~^ o^L^-^Jl Lo : l—wow^5' ^JupLajoj ^4?j')/ 1 ^c_k.(_j^_9 03 ^^kJl 
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J. C. Zachos, «Rapid Acidification of the Ocean during the Paleocene-Eocene Thermal (1745) 
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V. Courtil [et al.], «On Causal Links between Flood Basalts and Continental Breakup,» (1749) 
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(1752)(1751)(17S0). 


ol^S ]g .. >c-^Ji 2j-X-> C ./? 1 ' J 

^ jUa-Al oL« J^pLaJ ^r 3 jlfA' o_^J (Transient salts) iiijLuJl 

<Lj>t la ...S' oL^gJl y*j><u ^ j^xJl CO 2 —S' J (. LoLj.5 I 0 j_A jjlt j j2>r -■■? : 1 

L- 3 C0 2 ~L>^>5 4_J^j2L>dJ . 4j>cJL*J 4_>jJ-9 

doJaJl ^3 CO 2 cJ*!)Vj>-j c ^ ^>«Jl 

£j| J-^J t j-oJl ^J-P J-4^ ‘LoJajI ^3 <_->lwLoJl ^lS\Jl CO 2 ddL*_>j . j_gjJl 


(1755) 


C0 2 Jl J 




J3 


jIJuJI j^j^SUl dlls’ j)j 1 j»Uaj ^ oLJl 


^j - 3 CO 2 aJ'j) ( _ j 1 p 
>>J M C0 2 iJljJ 
0-iL5 C0 2 Ojl 


LwLa JwL>a 4 _j ^Jwo-_*j 


- , (1758)(1757)(1756) . t, ..... ~ t, t, 

‘LXo-Pj . jj^>c_v2Ji ^ <UjjJ>oj 4j^XJIj (_£J-'f c -'' 


d-oLS" LJlS”j twi_L>dJl ^_Lp 
4_>^jlJI >Xs>-\ ojl^ -L3 j . ^^Ail ^ ^^-wvJLSCJl oU jS d->CO 2 aJIjJ 
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Negative Feedback on Long-Term Accumulation of Atmospheric CO 2 and Global Greenhouse 
Warming?,» Geology, vol. 21 (1993), pp. 1059-1061. 
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^3 CO 2 CO 2 —J oL->cJlj oLwoJlj j 

1 1^1 ^L>-J .^£?j % y I Ojl ^J>cJ jl I j_& ^4 

/ jiiJiiA 0 ^5w ajU c^>- jj j-^>cJi ji 


«L«A^g- ^ 4_>^-£' *Lo Ol ^3 jUa^'yi oLw« (_£j_>o 

i_^j ->«J c <_j j_LiJl dUJ j tolj-sj>c-Jl jl j_*_p / ^ jaju 

j^SG Uaipj . (1766)(1765)(1764) c^ijl oUlj^lj oUjlijl ^ lilJL^I 

AjwL^Jl L <3 1 J • 0 L»s.^tJ I C C I ^ »4 1 1 

0 L 0 5j 5"1 jJl jl oA 5"1 jJl jL>c-Jlj ol^>c-Jl ^ ^j-^vJlSsJl ^j>s Ljsjli 

^.+ ./2 } ^jy£* j jA^J ^ 1 1 t j l— 1 ^ ^ ^ * .v> j 0^^O2_2 ^ 


(1769)„ 


C0 2 J^jlj . 1 >. l* i ^ Lj-^«J < »»* L Jg .<. ^ c-^^J 1 

c 4»oL>-j^>Jl ^j-sg-jlj t^jlwLvgVl ^3 _51^51 oUjjj5" j^L*^s 


^L>- 0 


1 jr^ 
jl> 


OlJ^-1 


ALJl 
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oUa^>c-^JJ .O-Uj) oLw -jj 4_o I oLoJj>cJl Ja _>jj I Jajl jj }Ij 

coUa^tj! ^3 CO2 ^jjo ol> jz ols t y* Lv^jli 

(. ^ya ^jJsjU OUg-^>c^>JJ jl5 LoJ j ^wwnJL^JI <2*>\jjJjS ya 

. 4- ^-^.a/2j (1)1 

Igj .JdU>Q ^wfl-*3 OjL>- 4j ^>0 L/ 4 L^i ^22^>J>cJl 

( /j^s 4_o^jjJl OjL>cJl £-uL-Jl 4_v?L>tJ (JL>cJ| yA |j-Aj »j-2*4 (_£ 1 4_>^J-3 


->L^ai jjJlj c <>LoJl ci-w->- jLSLwJL 4jgjL$0> ^_s ^Jw^-LwvJl 

jUa^^I oLw« jL^j>-j ( /^s 4_>l£jJlj 


^^Jlp) 4 -Jl~J^/l jLjMIj 

y^a 0 ^-y9-3 ol jJL 9 C O^/UJl oJ_& ^.Sj ((_£ J b>c-oJ I ^ cJ^LoJl 

(. JL>tiaJl ^-l-P oLJLj olJlj-^>cJl 3 J-P ^_3 ^/?_ 3 ljJ ^-v 2 _ 3 IjJLoJI 4 _>^_LdJl 

j-sA>cJ| (,_JL>iJaJl ^3 i )t j»*a>iJ| 


(1770) 


olk.>>c-^J' c Ja*>c-^Jl ^li ^_3 03 Lj<-oJ|j j^>c-Jl oL^a t J^pLijJl ^JLo 

J-jJ-Ji jj>c_*A J-^J t ^j_>c_*A cJjlo oUa»^>c_x>Jl ^li ^ia_*_} . 4_> jJ-3 

*L« ( /^o o^I pIaxJI L^-U-j jj5b Lsjj-p <uaU>oj c ^JlpLixJI 

£-oLJl> 4-3Ly2-oJ 1 4 _*a^o-^>cJ| JjIC 4_>^_l3 ^lS"! d4Lla-^>c_x>JI ^>c_-Jl 

oJjUl — ^y>t-Jl pLj 0*5^-£”bij C2w o-So*cj JJL) .jj>t-Jl *L« ^3 CO 2 (1)L>j3j ojL>cJl 

J y>* -V^ J ' (1)|j . ^JSx-Jl f-L-^SsJj ^ j4>sJl <—3*!)^Jb (Jt)b>- 

Jws_Ss_*^jl! j_>c—J l ^Lo CO 2 —)l J^j-d ** cJjLJl 4_ V 2 ?L>c_>j c .Ja .s ,>c-^>-J 1 ^L5 


^L5L5JI 


J>- (1) jl ^_l_P 4ja_3L>c_^J| ^Jo J . oil J_SU 


J. M. Hall-Spencer [et al.], «Volcanic Carbon Dioxide Vents Show Ecosystem Effects of (1770) 

Ocean Acidification,» Nature, vol. 453 (2008), doi: 10.1038/nature07051. 

(j yj Jl -L^5I y~*~SJ j-«Jl t (Jldil (1771) 

CO 2 • jy* <u-LpL>jj ya a\j\s- c Jl ^ 

+ CaSi0 3 = CaC0 3 + Si0 2 ; C0 2 + FeSi0 3 = FeC0 3 + Si0 2 ; C0 2 + MgSi0 3 = MgC0 3 + Si0 2 
( JJLv 2 Jj aj j j y> r.«/pJl (^j-ulVl oL$CL^) oj (1772) 

2KAlSi 3 0 8 + 2H+ + H 2 0 = Al 2 Si 2 0 5 (0H) 4 + 2K + + 4Si0 2 ; . c^Jji^Jl 1 

2NaAlSi 3 0 8 + 2H+ + H 2 0 = Al 2 Si 2 0 5 (0H) 4 + 2Na + + 4Si0 2 ; CaAl 2 Si 2 0 8 + 2H + + H 2 0 = 
Al 2 Si 2 0 5 (0H) 4 + Ca 2 + 

R. S. Arvidson, M. Guidry and F. T. Mackenzie, «The Control of Phanerozoic (1773) 
Atmosphere and Seawater Composition by Basalt-Seawater Exchange Reactions,» Journal of 
Geochemical Exploration, vol. 88 (2005), pp. 412-415. 

Ca 2+ + H 2 0 + C0 2 = CaC0 3 + 2H + ; H + + (OH)' = H 2 0. (1774) 
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wbjj Lo-Lo <. ajjJjjJI LJLjj l oUJ ^L*Ja5 CO 2 ( aJLJ ^_p) a_> 

c y ^3 CO 2 5j LJl5j .*Ls^ j^->cJl a^>cJI oLoL^JI 0 J_& ^L>tj 

.OUa-s>c^J 1 ^2 Aj^_> c-oJl ^Jl>JaJl OjJOjl 


» ^ ^ 3 1 ^ LwL-*^J' A_1^J^ ^_j I ^ A^O whA^J I W 3 LwL^—^J ' 0 iA»& 

^S>- ‘W? j^J>Jl ^3 Ujl Cl^-j Jj>eJ lj ^_> JjJ 1 ^>c_Jl ^li oJ jL £4 0>LpljLJl J 

J_3j .a j-Ji a-^Lp j_a Low« 0 25 _> ^Ji51 (^j->cJl c_3*>\_*Jl ^3 CO 2 <1)15 L*J-Lp 

a_>-j_L* ^^-Lp c*J asL>- jj->c -s/? 11 _ oLwoJJ A-oLwow^5sJl otA-p'LixJl cJasl^>- 

L^_L*_9 L 2)1 <2j Ua^>c^<>JJ <1)15 lib .l./g^l ^jJlp C Cjllg->t^jl 

.4JUS ^j\ M U!j .A^>- (1)1 


^j-JwwvJl oljjs ^-yg-> (J*)L>- ^4>cJl CO2 ^3 0 j-^5sJl CjI ^*_Pj 

cb> Lk^J 1 ^«/2 j c IjjL> 1 a^oJL*J 1 ojlj->cJl Ja_*^ j ^.Jo c a^-s^LJI 

oj SI j_j 1 j 1— «JL >-*)LJ g-^?lj ^_>1 ^ A ^ *5 .<>—>- 

^3 A-oL>-j_oJ|j <uJ_5*tiaJl t 3J—>JlJ Aj jV1 ^_31 wLs^ 5 V1 . ) <L^~U^jJl 

CO 2 —H (1)15J C 0^)1 ^>cJl Cbol5 L4_>^JjjJl ^J-P -kLl>cJl AooAJlJl 11 

. <1776) ii.jSll dJUu J ollLJl oyojl L 5 cCAl ^ JU -1 t fj ^>Jl 


(1)15 c ^3 ^Jlp! ^^_>cJl CO 2 j-> 2)15 Lo55 

£c_<_v2_Jj ^-ilwLv^'yi clL5s_ijo c_3 j-^3 CA-5 -o^>- O l Ja * >c-x>J 1 Cb-jLS" lijj .J^-wol 

CO 2 4_*_j2_j ^oJl Ojlj->Jl Cbol5 C 5J-5 j A_sLv^| . A_>^J-3 Cb>Ua»^>c-^J 1 

o-JJ ^ <u! U . (1778)(1777) :; J i j^ JUJI 

C J ^->c-yg-l 1 ^3 A2jj>tJ J ^_>cJl CO 2 A-JL*-<2_} (wjVI Cb>ljLjJlj) Cb> Ll?^-J>c-X>w] 1 

.(jVl ^ (5CO 2 


D. L. Royer, R. A. Berner and J. Park, «Climate Sensitivity Constrained by CO 2 (1775) 
Concentrations over the Past 420 Million Years,» Nature, vol. 446 (2007), pp. 530-532. 

K. L. Bice, B. T. Huber and R. D. Norris, «Extreme Polar Warmth during the Cretaceous (1776) 
Greenhouse? Paradox of Turonian 0 18 O Record at Deep Sea Drilling Project Site 511,» 
Palaeoceanography, vol. 18 (2003), pp. 1-11. 

J. Veizer, Y. Godderis and L. M. Francois, «Evidence for Decoupling of Atmospheric (1777) 

C0 2 and Global Climate during the Phanerozoic Eon,» Nature, vol. 408 (2000), pp. 698-701. 

Y. Donnadieu [et al.], «Cretaceous Climate decoupled from CO 2 Evolution,» Earth and (1778) 
Planetary Science Letters, vol. 248 (2006), pp. 426-437. 
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C-CjlP- I Cjl jLU lo jAj olj CjUa^>t^>Jl C>- j\*a Cj LT 

cJ' i ^ojji *y j-^j 4 ^ > “jJ-oJij ^3 

oUg.^j>c-x>J' ^3 ^_S1 ^ycJ jt^l L^_LcJj 4_*^oLJl ^^i_p j jj>«-- v^Ji ( /jjs ^'^La'yi 

^i-Jj jUa^jVl oL^a c).5l*_^ ^CJ cJw^-*Jl oJ_g_ij t O-jLj ^J^SLCo La j_j j J_j 

. C jls CjUfl-s^c^Jl 


CC3.5 CjIJjJj>cj (J*)L>- ^y* ci_P (JjJC*>l US' C ^y >jJl cJ*5L>- ^y>c-Jl oUs j jJaJj 
U>Lp <ji |*-P^-Lpj • C3jj-*-o-^ ccJU*Jl jj_v 2 _*Jl Ul J-v^I ^jLLjJ 
cjS/l ^y* jJi 5y li^l LIS' la.*-* J*)L>- 

J_j Jj_^_P ^jjs ^cC_> 0 wL 3 U J-y2-) 1 f-Lwo—U ^_3 CjI j-UcJl jl 

J*5L>- y> e-Jl oU oLLo e-Lcsl / ^Ip cj^J lo 500 Ljjs ccjIUj>cUJ 

^jLlvsJI cjUjcSsJ Lg_S j_>o) ^j_Cjj^ cUlj ( /^>c_*^5"V1 jjLU o-«j cj! j^xS 

c^>-j-Jj-wJl oljjjJl Lg_S j_>c_j) O-j o j_> ^_^Jl j«UI( cjI jUjJl oL*Ljj 
c ^Lp cl) j-Ua 550 J_Jj ^ jj>cJl CO 2 -JL y> c-Jl oUs j j-laJ ^>U . (Cj U>U\J I j 

^ . (1785) ^UI jr° J~^. <_jJ aj\j>Js\ Asrji j jSj ,y> J^- 

C'y CoLwOw^S"C oLwOw^S”^wJ 1 j Co^C_ScJ I CjI jjjJl oJ_A ^ _*jU ilLwA 

.j'yi ^jVl J^ip' Oj3jJ^j> 3 t Jl 

Joo-^t ^LwoJl liJo LoJwO cl ^-A C*_>coLoJl ColcJl 0 j. lad 1 d)} 

Lw*»Lcj>-I ^j^Jo L>sJJ_P ^®JcL?oC^ c_5^} CjL la-o>c_^-J 1 ^_3 CO 2 


W. W. Hay [et al.], «Evolution of Sediment Fluxes and Ocean Salinity,»in: D. F. Merriam (1779) 
and J. C. Davis, eds., Geologic Modeling and Simulation: Sedimentary Systems (New York: Kluwer, 2001), 
pp. 163-167. 

L. P. Knauth, «Temperature and Salinity History of the Precambrian Ocean: Implications (1780) 
for the Course of Microbial Evolution,» Palaeogeography, Palaeoclimatology, Palaeoecology, vol. 219 
(2005), pp. 53-69. 

J. J. W. Rogers, «A History of the Continents in the Past Three Billion Years ,» Journal o/(1781 ) 
Geology , vol. 104 (1996), pp. 91-107. 

. 86 Cj j-SJl /87 Cj j£}\j 18 13 jyliaJ (1782) 

. [»—IJa qa a! 1] t aJ^- 1 jlajl .CwJjJl (1783) 

J. F. Kasting [et al.], «Paleoclimates, Ocean Depth, and the Oxygen Isotopic Composition (1784) 
of Seawater,)) Earth and Planetary Science Letters, vol. 252 (2006), pp. 82-93. 

J. Veizer [et al.], « 86 Sr/ 87 Sr, 13 C and 18 C Evolution of Phanerozoic Seawater,)) Chemical (1785) 
Geology, vol. 161 (1999), pp. 59-88. 
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Cr 


oLLa.y>cy>Jl d)l «SjjJJl .lJ-pLy2Jys LjjI y>- 

*uak_>cJl ^3 Jj .^ta y >rLj 

(w^pLSj |JL-o» jl) Point) 


(Tipping ^IjcJI A.kk <u»k w ^ 

^_3 oLowLSsJl ok& (JLo-*jL*k l)}j . ^ j_L*Jl ^_3 (w^jl ^ w - 

oljkxJl ok& .a^o»Lp ^p ^IjI ^p a—^L kI £>Lkl ^*5 Lp^M 

C J^J>c yg.l (klj-yg^lj CO 2 jL>cJL>-l^ C CO 2 <oLpj^ c I ^jjLxJI 

.(_£ jg>cJl c_3*!)L*Jl ^3 CO 2 jk yf Ojl ^>cJl 4 j>-j^ koJu jlp jJJl 43 *!>L*J I j 


d Jl 


L Aj2_JL>cJ1 ^jS' Aj2_Ll>c_> 3 A.yg.3 Aj jJ j-wwO-S\J| oL£"L>e_kl ^k_*J 


AjkL>- j_>c-Jl oLys ^>3 y^>jU^Jl (l)lj C 


(1787X1786)- 


Cr 


Olk*>cy>Jl 


OL^Ai jJJ C ky>c_yJl ^li Jj_>c_yg ( /^P 0_L^*_) Ol jsSj>tlJZ ^3 aJ Lg-k 


oljUJl 

dkLl ^iJl ^A kLJL>cJl CjLkykl 0 5a (jlj C C->lky>c^Jl ^3 jl^j^l ok y-> L^vO I j 
CjI j-jkx-oJl t. >jL>cJ ^k_*_j 1)1 1jJlj .^j-JwvvJl oljL-LoJ A_>j_Ls CjL ia^j>c_^JI 

oLky*J .j-Syy; . A-wokp C-> L> j j3 ^3 La^SsJ 0 j^y2J3 0jJL3 ^3 Lg_gxjLo 
O j-gkl JJL) j .aJ j_£-kl oJ_£j j (1)1 A_Ljk A^y>-Al>Jjl (J*}\j>- yk-yg-g- 
oLy> CO 2 OwbljJyi oLyyS" kLygj La JJ^P AjI Oj Jg>cyy)l j oJ»JL<y)l t. ->jL>kl 

C ^g.yg_g»~ ^0 Ayk- dyJ-w^l 1-ijj Ikl-lA^l yg j j_L3 4^yg_.<yg»- okoJl ^.ygj C jJ>c-Jl 
^3 j-ygJl y-k" j?} 1 ^^Lp 0jJ_ dJ 1 LgJ CjLojLa ^0 ^li ( /^s (JoL^aijJJ 

.kLoJ Aji_Ll>cy3 A>c-JcJl (1)< _3j-^3 C A^lk>cJl kj jkJl Aj jj>cjJl 

^Jl ‘L^^wJgJl Olko-*J1 J oUk>-vk>Jl ^JwAL^cJo ^1 ® jJ j-^y-5LJl oLS"L>iyjW y ^s^l 


^i_P Aj Aki>cJl3 . aJLJL>cJL L^J Ai*yg ^ A^>yJly OljLks (J^L>- OJAg*- 

. A_L<>»xSLo j*£* dgL o^-L*-^ (_5^* 05Uj ^J-P” C ^^g»r.ygJ 1 

^2-^ Sjl 

^jl^g>cJl jJL>cyyJl .^/gj'yi ^f-]g *Ai ^>3 AJLoJl ^3 71 ylgLLuPxyyl 1 ^la_*_i 

. (wa-S”1 ^k-AA> Ojl j2*- Laa>Laa» 1 ^_>ckl ^k-AAi bj\j£>- ^wL>c_J^ ( Ijyyl 1 Jg.^,g*x-^yL] 


K. Caldeira and M. Wickett, «Anthropogenic Carbon and Ocean pH,» Nature, vol. 425 (1786) 
(2003), p. 365. 

J. C. Orr [et al.], «Anthropogenic Ocean Acidification over the Twenty-First Century and (1787) 
its Impact on Calcifying Organisms,» Nature, vol. 437 (2005), pp. 681-686. 

R. A. Pielke, «Heat Storage within the Earth System,» Bulletin of the American Meteorological (1788) 
Society, vol. 84 (2003), pp. 331-335. 
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j-> c_Jl jJL>c_-o_)l (JLo—L j A_^_P j_S" j 

AJw-oJl d^LwoLUJl .)jJ->■ ^>c-Jl ^Ja^i ojl 4 L>-j^ ^jL*_> 'y 


J * 


Uo-J dUL^_A j 

(1789) t i t 

J2-^>c_^JJ 


4_laj>c^j 


JJ (Urban Heat Island) ojljj^l)) i~olJl ^^Jlp 

c ^^_>-l Cl»>*)LSlJLa ^->c_Jl ^f-]g.«A» Ojl y>- cI^LwoLwaJ l)J .Lg,k;l j_>j L^JuLw^j ^-dLiaJl 

c_9*>\jdl ^_>&j>- oUa-^>c^Jl ^jj>Jl ^_9>L*Jl ^j-a ojljj>Jl JJiJ jU 

^^-a d)L*^j^yi 0-jLS" tajj .oUa^_>c^oJ L> ^JjlJLa <j jl^ j>cJI ^j_>cJl 

^15 4^Lsi>J OjljJ>- iiljjfc ^j-vwJ_S C j_><Jl ^-3>Udl ojl^j-a O-xij -ti oljUJl 

O Ua-c>c-x>J I di JJ ^a j^>cJl ^_3*)A_*JJ jSlI jl^j>-'yI wL^JLwsoj .ol!a^>c^oJl Ixi All 

. loiwJi2.ll oLLodl ( ^y* J-^" £-^J Cj^^i 


Ojl j 2 >- IjLjJ ^jw2ww»Jl La J~^-'° L)l L^i (TLx>c-j 


LSI 


0L S dD.) 

^ es- 5 ! 




, Uil 
Ja-aJl 


^jVl lI^oLS” ^ <LjL>cJl ^]g ..J 


o ^_>C_J I 7T ]j - ^ 


Ojl^ 


jjj 


f*_j .^yJa-9 J_J_>- iSLxjfc 

l»l o^yl 


^15 oljl-J /JGj t. ojl jj>z Jl 4_>-j^ oLol]g^>c^>JJ (1)LS* Lo-S” i o-l 

oj_A 4_1 oL-^o 4-uIjJL^I jJLwO oijLJl 4 . . la a 11 oLgJl Jo->cj J ]g ^ >c_^J I 

Jj t ^J_3 VI (1) l j ^_>cJlj ^OOj^yi Oljj-^j f-L Jl 4_S” tj| I—o-S” . Lj jJL-^woJ I 

J_o|j^. ( _ r *J tjJ>JI (J j-jjM J-^^J-^ ^5-* -J->=-<Jl (J ^ij^>_*Jl 




^cJlo 


La jl^A-laJ A^Jgj 


j^j>cJl ^Jajdl jLo jjJajj c ^Lp ^ot)La 4 j^- 4 

wLwL>- j jJg-j j 4^o LJ I _LwL>- 1o*->j c •ijj! c^JgjsJl ^_-_s^?l j t ^Uaj2.1l J j-^* - 

IjLJ ^L>^Jl J2 _*_a^ 3 C^jJ-^-a ^Jj_l>cj| i»_^_l2_aJl ^_-_s4j|j .^-LlIJI ^-9 jJ>c-Jl 

Lo-Loj .^Ja_^j| ^_^l wL*_v2_j ^xJl O^jLJl ^r-]g-«,^ll oLwoJl ^a ij^j>cJL> l_)^>J-^-P' 

oUJI ^_-_v2‘LJ^jJl oLwoJl <\J j-^-P (^‘Ul ^c-U>Jl c 9l_9 C ^j>c-Jl J-dj>- ^Ujl 

. Ligw^->c-x>--L] ^l_P ^1 j-^I j—> I AJS-^^S' ol^a Id—& (__£.} lj .dJU-w-l 4 -wmJ| 

j j-s^l ^LLlU OjIjj ^wtp 4_*^uLJl ^_^-p ^)-dj>tJl j o^jLJl ^IjI^JI oUoJl 

^1 ^XjI ^Jl IJ-& .oL<Jl Alyg-^al Lo-a ^XS"I »Lyg-A.II A^^o-dJl 4iUaJl ^y> JjJ^jJl 


A. Cazenave [et al.], «Sea Level Budget over 2003-2008: A Reevaluation from GRACE (1789) 

Space Gravimetry, Satellite Altimetry and Argo,» Global and Planetary Change (2008) doi: 10.1016/ 
j.gloplach.2008.10.004. 

G. P. Compo and P. D. Sardeshmukh, «Oceanic Influences on Recent Continental (1790) 
Warming,» Climate Dynamics (2008), doi: 10.1007/s00382-008-0448-9. 
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j ^0.5^L> 4jL^»P oLwo^j CL 1 Llg-^>c^oJ' t^^oJLp 

.j>lp jj-Xo 2.67 j^>tj oj50J ^JL*JLll c,^> cJl 



aJjJ* I j *-laj oULj j! .4jJLJL>* oljji C^J 4 _>L>cJL^>! c Ja»w>cll oLwfl ojl y>- 

JLii-l ^JJl 18 LJLp jt-J illlA J-L>cjJ! .Ja^^ei! ojl^>- 4j>-jjJ 

j^j! ilL-fc ^j^-J 4 jI j c o!j-L>&J! 4 jJLLM i y»j La ol^I aJI j! Ja>-V .4 -wmjLJ! 

. (1791) JU-I ^jJJrl M U s**}\ J ^pU jJ> 


.^JLL^Jl ‘C-^jVI oljLjJl ojJ ^Jj ^£-15 oL*-jJ 

L«jj»p l<~Clj ». 4 jjJ oljLjJl c^_j15" cj~^>-VI ^. 4> *J 1 (JV4>-j 


(1792) 


JU-^JI 


ur* ‘si 


oLwqJLj V1 Ja_^>c-oJl (J 1_o_^]g ... p 


(1794) 


. jjvp 


Ojl jJ>- A^-J.2 


JVi- 


-iyj 


j l_3 lI^p ...' .. -i. - - . . 

(1793) 


iljLdl 


VI -Up* J*>^ oljUl 


cr* 


R. Bintanja, R. S. W. van de Wal and J. Oerlemans, «Modelled Atmospheric Temperatures (1791) 
and Global Sea Levels over the Past Million Years ,» Nature, vol. 437 (2005), pp. 125-128. 

G. Bianchi and 1. McCave, «Holocene Periodicity in North Atlantic Climate and Deep- (1792) 
Ocean Flow South of Iceland,» Nature, vol. 397 (1999), pp. 479-482. 

L. Tarasov and W. R. Peltier, «Arctic Freshwater Forcing of the Younger Dryas Cold (1793) 
Reversal,» Nature, vol. 435 (2005), pp. 662-665. 

S. K. Praetorius [et al.], «Episodic Reductions in Bottom-Water Currents since the Last (1794) 
Ice Age,» Nature Geoscience, vol. 1 (2008), pp. 449-452. 
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Ojl>J <Lu 1jJLw^'yi J^JgljwoJl ^3 4^3 b <uLw3j ^cJa.*.Ai <uLJg O^yi CgUa^>c^<>JJ cl)} 

4_iUaJ cl)l-bLi_i 4k j_1>jj *1Jg_>- ^^.P oJ_w*_Jl JjJgljwoJl ^_3 

oL^Jl |*-S"l^o .^Jl*Jl J ^>- SjlolJg.^.>c-x>J' ( JJLJj . frUtf.ail j ^jg>cJl c_3*>\Jjl 
c^wmJ Ug-g>cj»JJ |jj>- ^-IjwoJl j»Uaj d)lj .^UjJl ^3 OjLJl <L4JlS\Jl <LwJgja.ll 

Jg_>- ^j-P oJ-JU ^jjgljw«) OljLwvw>Jlj ( 4_wjl jJL~» S )I\ J^JgLwoJl) ^_£jl j->cJl t^-^wSDl 
^JJl t LJljjLw-'yi jJaLw<Jl (Upwelling) jiJjJlj t j J^ c jJ1j c(*ljjLw-'yi 
oJ_Aj .(_£ 1 ^_3*>L*_U j_9 jJL^Jl 4_iUaJl jlJJLaj c jj>c-Jl ^Jg aj ojl jj>- ( jj2-flj>cj 

LgJja ^1 Jgg- 0-L*J J^kljgJ ^J} 43 Q 2 J! ^JJL 4j>t^)Jlj ^Jjslj-*-l! 

^3 |Y-^>c-v2jJ 1 1J-&J . ^g-^Jg-3 jl ^Xg>“l ^jJ2jL>c^<>J I ^-^Lwwso'yi ^jw° . ^g-^Jg-3 3l ^dol 

.^Lwo^y^ cJ}^ ^-ijiAg^i i^g ,.j i <Lwjgja.ii ^^jjgjsjiji ^3 ji^g»-*yij 31 ^o'yi 

jg>Jl ^-3*!A-*2l ojl^g*- ^J-p Ll*-s<^ 22 Jj jJ ojljg*- CgUg-j>c_^J 1 j_>Jj 

Ob^lojJb c_3JJL Lul ^} .^Jg-wvJl Ojl jg>- cjjl C jg>cJl c_3>^Jl ^j-vwJj C 

wLj^j 4j jgjxJ 1 ojl^>tJl ^3 obbjJl oLj t bLoJ cLlb »w_3*!)b>- 12j-^>tj 1 <Lw^s^L p *)J 1 

. J2^gxj>J 1 Ojl j>- 

c <Lwwnwo-*1J1 j c ijlJUJl) <Lg>-jlj>cJl oLUgJl CLwsi?ji c ^Lp J)j-wb j- >tJ 

ojl ^g>- OjLS'J .<LoljLLw^'y 1 <uJg^w>c-^J 1 ^oljwJl ^J-P ^1_P 100000 0jj3 (4 j^ g>e^oJ 1 j 

3jjl C ^»l_P 21000 ( Jw<3 ^V1 ^wUigJl j -s/g^J1 o^J-i <LwjljdLw^i'yi ^>c-Jl ^Jgww*> 

20 j->cg J^-ll <—3*!>\-*JJ 0 ji jdLoJl 43 UgJ 1 CLo lb j .4 jjJjs CgJ>-j3 J)^! ^jjs 

4jwL*Jw>- ^jLfl-vsJ <\_Lw5bioj ^JjJl |t-^"l j- 5 lJ-^ . tl) % y 1 ^j-* ^3l <CwoJl ^3 

J_g^L> ^JJl c j^s-jJl 3b^j c <LoljJLwo'yi ^g>c-Jl ^Jg >j ojl^g>- 3b^j LoJwO c 0 j-^-b 

.^g>*tJl ^r.lg,.>J ^js Ojl ^g*xJl 

j»j-jJl ^J t pljj>g>cJl C-g>c j 43UaJlJ C 4™wo-*lJl iiUaJlj ^g*cJl ^.Ig.Aj ( /^g*c-wvO 

^bjj LoJwOj .^>c-Jl ^Jg-wQ Ojl j2>- <L>-jw\J ^JlpI lwig>- lJ»& ^jg^jj .4L3w\Jl dgljLpj 

4-*wJj 'y 1 dgUL*_o 1 iw^o ojl^>cJl ^gs wLj^oJ 1 JJLij c 4 ^j1 jJLw^'y 1 jg»cwJl ^Jgww*< ojl^g*- 
IgJwXlP 0 JjJ g>- jg^o ^Ja-w*> ojl j>- <L>-j3 JJ-*^ 3 j-ll ^tJoj .jg*c-jJlj ^-1 jj>g>*cJl CL*g>cJ 

. ^c.k^l 1 ^jJ* U 2 -!! j 1 ^-4 j3j f-1 ^j>g>eJl CL*g>cJ 4_*_Jj V 1 0 j3J CO 2 0j3 cl)jlj-^-ll ^Lo 

0.3 jg>cJw> jg>c«Jl ^r. lg ..*j Ojl^g>- <L>-j3 3bjj C^jgjJl CO 2 fl-Pjwyg 

.4jjXo <L>-j3 


U j-^-A 2] jg>tg c_3 j-^3 C ^Jg-flJ 1 jjg>c^oJl cools' LJUg 
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. .Ja*>c-^Jl oIjLjJ j-oJl SjJLJl ^j! jj jJI ^y*}\j <. bjl_>cjJl j}\ 

IJj c ^l^Jl Ja-^>c^JJ jl>Ul jlJj t ^bJaVl ^j>cJl Ja^>c^Jl ^3 ^JujljLo 


Jb*J 

.Ja^>g-^>Jl ^_3 4jLsljJl gJa- 


Jl oULJa Jw5L*iJ .dJJS ^^.Lp 


4_Li>ji 


^->wL>cJi 

4_>jL>o ^IjL>^_P lb& C jLl!| ^1 I ^^wwLla'yi 

^Jb-j jLSsJl jj>c_Jl jLjJI ^JLowjbl *y>^\ j .^jVl 

Ja-s>c_xbI ^Jl j> c_>^ i ^->6-^1 d)^_5s_> ^Ja_~Jl oL^a cLb-^vbbJl 

oLwoJl ^3 ^1 ^-b->cJl jLo . ^*>LaL&LJl^ IwLjj oLl3 ^3 ^JLo-*bl 
*LP <LiL>- (J ^_L_P C I_L>j ^J-3 ^-J Ly2-Owl bJlwtil 

£jUJJ ^Ja ^3 oj_A 4j»3lw\Jl d*>b-Ja.1 ^ 

. j^a-jji jba*cji j_& *y Lo-ji oUjni o}j c 4_^ygji ijjjj_Ls jpL yg^3 cj>b>- ^j-o *yj 

^ y*^3 j^>c-Jl ^Ja*» ojl^>- w\-pLs<gJo^ 



i_aJ^p ^Jb-1 jbj 4Ja»v»l^ 6j!j Cf~?* Ja-w>ei! JLo-J» o!jLj> ! 36 ^SbcJ! 


.*1^L^'yi Ja>- ^p SwL-*j j^bo (J,} *1 Ja>- bjys jiaba (Gulf Stream) j*-> 


.LjjjI j-^J (Gulf Stream) ^_Jl>JI jLJ (Westerlies) oL-jjJJl £y>Jj 

.,]a^>c ~a ^y>oj j^]\ ^Jo-bvJl JjJa ^^Lp obbl c dlb ^*_4J b-Loj 

jLo-i-j^yi o j-y ^ 3 ^ 5 ^ ^ 4-Jl d)L5b oboJJ .^JLo-aIJ| twJajsJi 

LjJJwPj .Ja^>c-^Ji ^li cJjb \jj^j>- 5j-*jj bJ-Jj>cJl <P^-^j>c-b! Jai>- (JjJa ^3 

Jai>- ^j_P |j_^*_i oLwoJl iwb-flJj (JjJgJl Jai>- o(Jj_la jLjlII IJ-& < 
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(Atlantic Meridional <jljjjJl» 1i_A cpIjJL^^/I 

^JJl Jo^JaJl jjfe t jj^MJl jLoj . Overturning Circulation) 

jLjJI Id-A J-<o>oj .^^JLo-JLII c_— Ig-flJl ia*>^« ( j«a oLoJl jl-Lo?} 4j*)Li>- ^j-a ^jS Loo 

La-LX_Pj .ijjjoj-o ( /j-a i .>^i)l> L>cJl jLo^ Oo>cj IojJo>- -LJo>- (JLo>- 

jlj (^jJLo t L.-. P»c-x>J 1 *U>- j_La ^j,<g A >cJJj >wi2^-v2-)' ^-9 J-Aj>tJl AP j_oO>cOJ C—>J do 

^li J^^Jlp oLwJJ Loj_l>JI Oj_*Jl ^bwaJj (Labrador Current) 

/ ^JoudL jL>Jl odjfcj .^>cj| 


d)ljjJo ^Ju>-LwvJl cl)} 3} ^IgJl Jg-o>c-oJl ^3 Ag_>LJLa L)L>- Jj>-jj 

jlJ Lj3j>- oLs-o'yi ^*o c I LpL*J1 ‘^jLap oL>oL d)LLJl jLo 

0 LJ 1 ^p i^>“ij IjLj dibwA d)i j-lo .ijj jjUis” ^j^t iSwi^i 

^-J>*)Lo d)l 4-oj_LJlj LjL>cjJl £-Lj^J l ^Lpj .diL 0 -J-I 2 J 0 L/ ^Ji^LJl J-SCiJli 
APjj>- ^.Lp LjjjjI c dLdJ 4o>c-Joj 14_w^wo-*lJl LiUaJl ^a-flJ-cJo La-LLP 

(1)LS' j J>oJ J-3 4JL9Ll5"j Jg-0>e_^Jl Ojl ^J>- (1)1 1 * 0 Pj .jl ^/2 «o2j>cO 4o2_pl_o2oJ 

LjL>co ^loj J =>v ~ i ^*-L>cJl jLo cl^* I oljlJ (1)} ^} l ajl ^<*-*_)! oljlcJl 

J*4lJ -^uJ' J> « JO Jl» j*Jl ^ ^•*■*’'^1 (^.iL^Jl .JflLs>ooJl ^9j .Lob 0 J^\s>- 

Ja-0>c-<Jl ^3 ^cJa_-o 5jl^jjlo (1)1 j*S* t^gj')/ 1 ^Jg_*-a (_Jj_9 1~GLa 

(San (jL^-wvo^S" d)Lo Sj_>^>-) j5Ljj>- (J| 0 ^o>o ^3j .l-Lo>- bj^*-a 
LjL>^i_^<Jl oUlj-w>Jl oJl^jl^. 1 c ((Gala Pagos) ^j-pL^Lp t Cristobal) 
Ja-o>c_xJl (j^.i ojlj_>cJl olj -00 JoJo>c_lJ iJjlo>co3 ^3 Jol-L^S" ^ ^4 _<>oLjJ| 

jJj .^J-o (J} cL>IJj>-1 (Jol^-o>c_Jl olojJL*^oa ^I^Jjj . 797) ^i ^1 ^i*Ji 
ajJj l+J lO cJ^ aU 1200 jy^- UAl oJLS" S^Sfl LoU 50 Jl jl JJ 

Ojl^0>Jl Olo>-j3 (1 )}j t J * * ■>,/? 11 ^JwJ_>cJl j_o2oJlj ^ lg jJl Jj_o2_*Jl jl^Jo>-l 

oL>-j 3 t>Li3 Jil jJl jj-s^*-)l jl(_5^ ®^J>cJ>cl>s oLojLa ^ iJ-CU^oJl 

Olj-woJl ^A La ‘L^iljjJl 0d_A ^Jj>co . LoJ-2»~ CjLooLa | J^a L]-\JCvv-oJl Ojl^J>cJ 1 

. (El Junco Lake) y>- J} oj->o ^ Ji ^1 aJu>o<J1 


R. A. Kerr, «Global Climate Change: False Alarm: Atlantic Conveyor Belt hasn’t Slowed (1795) 
down After all,» Science, vol. 314 (2006), p. 1064. 

. (Foraminifera) oL^pdl (1796) 
J. L. Conroy, Unprecedented Recent Warming of Surface Temperatures in the Eastern (1797) 
Tropical Ocean,» Nature Geoscience, vol. 2 (2009), pp. 46-50. 
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JjiLwO U^l e-tdlJlj $jA y> sJl ^^ip 


d)l L*-w<>j>- 


Ul 


^1_pI oLwoJl ojlj_>- 4JLI2 oV I5 _aj . ( JJ > -IwLJI ^3 <L~uLJl ^_Lp ^lLjLo-^j 

J L»»^^ I ^ ^ 3 ^ I 0 J |^_^" ^ J - ^ 6 —• 4 _I 0^2—1 l w\_^P ^ l ^_<L»Lj ^ ^_«_«_^S_> 

.oUg-^.>c^>JJ UuJl 4 _LJ_aJ| jl^^yi ^0 JJL2J ojl^>&JI ol L>-S" .Ja-^>c^>JJ LJ»*Jl ^LJjjJI 

^Jg-»,»Jl oL^a (1)| .^Lp| 4_P^wvo Ojljj>cJl JJLL L^jli C <L>ejL& dJUa-^>c-oJI d-o IS" l.ijj 
Sjl^>cJl oli c ^LjJl d*>l^J-o ^2_id><Lj <d3ldJl 

Ls jl JaJLs ^>3 J^p d^oLJl ^1 p i—4-waJi ojl^>- ddddJ 

.jjj>c^aJij 4j^xll ^2 4j.sl*_> 

C Ojlj^>cJl d^Lw^LJL clU-S jLo J**~* (_5^ j^>c-Jl ^r.]g.*.*i Ojl^>- (1)| 

t^_3lj-v^Vl tcJljLoJl ^J-p) ^Ja-wJl djLoJ>L& jl j^A. a_j d->LwkiL*_3j 

^LoJlpI (w-^>s_>j .djL^SLgJl oJ_a ^3 dJLwow^S" ol j\ (oLoL>-j^Jlj c d^jLxJl 
j-^'yi 4_i_)jj^ djid-ois" 1^1 *y 1 ^>c-ji oji js>- ^j-»»Lv 3 J-Xp w\_)ddji jjj>cji 


. )J^s>- 


ojl^^l ol jj^j 



i]llA .C^L^LJjJl 0j-A d4j«j»a Oljj3 ^Jp ‘US'I j^il 4 j jjliJl Ojlj^“l 

j*JaiM jljl jl 1 CO 2 —J d4j|j^pl djI^J OAjIjJ ^>e-Jl ^rJa>^ ojlji ^Jp 

.LJU- OA4 
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J-7 3 il r° (3^j_*> UL ^J>c-J| ^Jg O 0j|^>- do IS" 

^Jj . .JgJtS 4^>-^\^oJ| ^>C_J| jig g-P *C^J Lp jJg ^Lo-P ld& d)lS"j .OjL<>Jl ^jLwvJl 

t A^dj^l o^SCU ^jjd>Jl id-v2-Jl ^5 (. aIS” oUa-^>c^Jl ^LS 

^3 ^jjLwvJL ^jJ>c_dJlj C oUg^J>c^fl (1)j_Ss>5 C-i-ygjJ 1 IJ_& 4dLoJI ^3 80 (1)| 



t ^ -3 ^* ^T >M 1 I ^ j**^ J ^ ^S-J ^J*3 ^ A »* ) Ji >s i>cJ I C l JflL « •<>. 1 I 

—j o^j ^>c-Ji ^ig.»*> oji^>- cjis*j / 

(. A>>jJLa A_p-j3 0.5 ^jjs oL*UJl 0 j_A A_33 • j- :> =-Jl oL~a lt* J - 5 - 5 

^ya jJ.} L^i 3^^ O ' 0 1 ^3l wLflJ .LaLo«j j^' 

oIjLjJI d—J j . Aj j_L*_^j f-Ug_>-S ojl^>cJI A^>-j3 d>LoL3 ^3 ^ Aj jlj^odw**!^® 

jj>c-Jl ^cJg-^o ojl^ j>- oL-Lj ^j - 0 J^~7^ ^3 l)LS"j .A^_jLJL>j A_lg^w^j ^j -^ 2 - 5 ^-yg-jl 

.A3j j^j ^P JjJgj ^^>0 d>ojllJl 

ojl^>tJ IjLidl jiL5"lj d->L-L-3 0 ^Vl 0 j->tA^I d^lj_d*Jl d^ d^_d jJjJ 

Ojl^J>- C 1980 J_d A_^»J>L*J| dl^lkJl d—lj>c-<AiJ . ]g.-.>c_yJ I d>ljlo J ^g>c-Jl ^f-]g->,A> 
ojl jS>- d->LwoL^3 j td , Lw*»LJ2jl od& d-d^I c150 ^j-o-p ^JwP djLlg^>c-yJI 
jl jLdl 10 jj-^-p ^j-^l y > ^ j ©l-^ 3 ^^lII ^1 oLw« ^JJ>-j^3 

^Jg-^ ojljj>- . 1 ^.j 1 d)J-j d^L^L^vj>- d--Lo-*Jd*'l LyS” . L& 

oLJl ojlj^*“J <• A^>jL*J| olilkilj c jJjJl CjLa.L3 ^_^j>cj ( j.>s A^g-tjjLJl jj>c-Jl 

olJLwJl 0 j_4s oli diJ^ ^ I 4 J *)! aJl^IjJI 

^jJ^I jLJlj ^>c-Jl ^r.jg.*^ ojl j>- d)| .Lw^Lw^I j> c-Jl ^cJg-*.A» ojldj| 

^ ^LwoJl ^3 L^JLo-*jd»l iwwfu ^ A_>ti A_la^wvo 0 L-L 3 'y | ^ 

. l^J I j-*-^ 

I jl^l ^3 di Si diU-A 

^oL^aJI ^iLo-J J~£ Cjl ■ h 3 L 0 dJJ l *- ^ 3 . ]g h 3 ^j_) 0 

(Bathythermograph jJl oL-LiJl oJLS’ LJ . ( 1799 ) SJbJj<Jl 

t cjULJI *s-Js jS'i I *jd' ^y * 5 aLUJI (XBT) Measurements) 


E. C. Kent, S. D. Woodruff, and D. I. Berry, «Metadata from WMO Publication No. 47 (1798) 
and an Assessment of Voluntary Observing Ship Observation Heights in ICOADS,» Journal of Oceanic 
and Atmospheric Technology , vol. 24 (2007), pp. 214-234. 

Expendable Bathythermographs (XBT), Bottle and CTD Data. Most Data is XBT and (1799) 
this XBT Data is Positively Biased. 
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l-ijj .. Jg.,* J_^jl 




wL_L^ 3 Ja_ 


ojl^ 


0^0 ^Jl od-& ^_£.5j-^3 

cli-J.5 ^2 _j1_>c_> C j 1—»_>c_> ^ I Id—k ^J^jjI 

0.62 o ld^_*^>j>cJ I 


( 1801 )( 1800 ) 


^3 Ls^L^l>c_}| d^LL?^_>c-^JI ^3 (ARGO) ^x>-Lp < 2 jj->jj 3000 jj>o 2r° -GJ 

((^j^jjLJId ojlj->cJl djLw*>L-3 0jjL*-4 ^3 od-& J-pLwvo ^</j 3jl^j>- 

JJ-L*dJ 'y C ciUi 4iL2>| . Jg-fl 3 03jJj>t-a ^>e-d c3 ^^Jl C0jl>c_L<Jl 

dd^u JJl3 . <LP Ljg_yg^ 1 jLo^'yi djLw*>LJL *d>cjjld)l jj>c_Jl ^r-)g.*.*i ojl j>- 0 L-L 3 

1955 dwl^Jl Ojl ^>cJl ^3 Ijbljj UJ ^JiJl ^Ja-wJJ 0 3 J-*doJ I 5 jJL*Jl 05 Uj 
U-*J l doLLa^>c^JJ ojlj^>cJl ]g ,*■*!jdoJ ^^oL«lj^ 2)I-Go L^jco c2003 

^Lwo J>UJ «jljjl i>^>» 11* jJJ j! . (18O3)(18O2) 2005 Jl 2003 


j 2^1 ^g-3id 0_>i3 t ^^wLi?'yi cjLowd oi^j ^jl>cJi ^i^ d'yi oj-^j d3 

c e-l ^JL^'yi Ja>- ^P JocJl <da-^O wL-*_j J^glds ^3 ^w^-*lJl ^j*o i>jd*Jl ojl^j>Jl 

ojj^ oLjjdvw^ o'yi ol^lws^ji o\j • 0^^>-^1 11000 _Ji ^j-jwwvJi <j*yj>- 

d_L>c_> 0jdAj ^jLo ^-^wl-l? % yi ^p cJLo-d (J^ 3 ^jd>l 2)1-5" U->jj ^-Vl J-UdJl 

SjAH j»lp 11000 Jl £luJl jl JA JJI Jlpj . (1805) l^ Jo M ioli 

c cJ 2w<>31 ^ ^ 1 «p ) o^^w^S" c .i I JL* CJ15 JliLU C ^Sl.} ^jL) 

C j-Jl Jj-v2—*-Jl jl jJd>“! C (jLdoJl -Ai ^_L_p) 0 J (^y I ^*»l_>lj^ 

(dj-^ oj-^->dw<Gl oLwoJl ^1 jd_>l Lo-jjj . 0 jjL (3_>c_]| ^_v2_*Jlj 

c j_gJl (JtAi>“ 2 j jdo ol>j^ 10 _ 4 _> Ijj5"j <dS”^1 o-d>cjLoJI oL'y jJl 


V. Gouretski and K. P. Koltermann, «How Much is the Ocean Really Warming?,» (1800) 
Geophysical Research Letters, vol. 34 (2007), L01610, doi: 10.1029/2006GL027834. 

1996-1986 ol^J-dj 1966-1957 (^»3000-0) ^j\y^\ (1801) 

12.8+ > 8xl0 22 Joules. 

J. M. Lyan, J. K. Willis and G. C. Johnson, «Recent Cooling of the Upper Ocean,» (1802) 
Geophysical Research Letters, vol. 33 (2006), L18604, doi: 10.1029/2006L027033. 

jjo (J-^3 Jalj 1.0 i 0.3— \ ojllojfc (1803) 

R. Seager [et al.], «Is the Gulf Stream Responsible for Europe’s Mild Winters?,» Quaterly (1804) 
Journal of the Royal Meteorological Society, vol. 128 (2002), pp. 2563-2586. 

J. P. Sachs, «Cooling of Northwest Atlantic Slope Waters during the Holocene,» (1805) 
Geophysical Research Letters, vol. 34 (2007), doi: 10.1029/2006GL028495. 
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^3 (_£jl j->J I oJ_>^a l XJJ 



oULJl 


(*-r Aj 


J i»jL5 


^-vwoj>cJ djUg-^Ai jl t 4j^_Lw*i LL2-^>^-X'« 


1^1 ^^>t-Jl ^r-]g *A» Ojl^J>- ^a>UL> La 

iJLLk (jj_SLi <■ 9j-*~3 t <Lj-g-J^ J 

C jj>c-Jl ^r-]g.*A» ojl y>- ^3 IpLLjl 4j jJwwJl <2j ll?-**» jJLoJl . 4j2_L^>c-a dJL>- LjJL»-*> I 

.dli.} <j djlJa.*.AijI^>J 1 »s-j 'y Lo-Lo 



vdLL .LjjJ^J! oUa-»»jjd! l)Lo-*JLwxLj ^.Ja «* ojl y>- ’. 38 

. 1985 Slo ^>&J| ojl^3 o^Ljj *1 j^Vl Ja>- ^j£> iLu^l ^ 4_>jj3 ol 



. 1998 JJ*« j^tJl ?rJa*«» ojlj>- ^ 4JLJ&- o^Ljj *1 jl^Vl ia>- l y& ^LuVl ^ 4_>j j.s olj«Ju 
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o!j olla^ijLg-*JLw*»U j^e-Jl ^Ja^» 0j! j>- 4j>-j^ ! 40 

j>jJ! .^tJ! ^rJa** Sj! j>- ^ oLj c *1' Ja>" <j-^ ^Jj-^ 

. 4j u'^P jA gjU C!^! Jj>-^ oULJL >_^xJJl /^5s*o-> 4j! 4-oL-Jl 


jJa^oJl cJj.Ja.A L*JUaj 1 ^_3 (Po) ^_g_> (Jj-S^Lj ^ 

c5 xL<Jl ^j • *y^\ c (River Discharge) j-gjJl 

( j^» 43 *^S- Oj c oljjjJl Uil4-Ji?^Jlj <iL>cJl ol j?Jd\ 0 J-L 0 

. (1806) ^Jl isLiJl j ( _ r JdAl JU-1 jljs*l 

u-^ 1 <A* Lh' .Jg^>6^Jl jLo-J* 4 v?L>c_>j Ja^>c^JJ jj 

*\y>-\ ^ ojlj^>Jl 0 L 3 Q 2 o jJj *^jjj^j ^j~*\ JLo-^ 1 ^ ^LuJlj 

70j ^Lo-J* cjL>-j^ 10 ^j-o Ja a> c^oJ' ^3 aJl>JI ^j_>s 4«JlJ>- 

jl c 2005 ^^/JjVl jjJli" Ji\ 1999 jjJlS' ^ NU-i 

J-w>-^Jl jl j2L>-j/l j ^ la j J tl jJC^^a Lo-jj jl ^/2_3 Lo ^3 jLS" (_£jl j->cJl ^jJL>c_^Jl 
{jA t dUS 4iLj>| / ^4j>-AlP ^ Lo-J> 


D. Zanchettin [et al.], «Impact of Variations in Solar Activity on Hydrological Decadal (1806) 
Patterns in Northern Italy,» Journal of Geophysical Research, vol. 113 (2008), D12102, doi: 10.1029/ 
2007Jd009157. 

V. O. Ivchenko, N. C. Wells and D. L. Aleynik, «Anomaly of Heat Content in the (1807) 
Northern Atlantic in the Last 7 Years: Is the Ocean Warming or Cooling?,» Geophysical Research 
Letters, vol. 33 (2006), L22606. 
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Lw-L-I tal j?j\ cuio L^SsJj tljl oLwoJ 1 y* LUJl j^a 100 Jl ojLj c A ^^>^1 

(jJ^LwoJl ^3 ^j-^IJLa jl j^s>-\ .iSLjfc j%J l-Jj .J^A 1000 ^Jl JL* 100 y*j 

yi\yi*^^ I ^^d-k'y I j!^ j>-I jL> J^-yJl iww*.yaJi ^j-o-3 c J yi*^*)} I .k_>- ^a <u_>^jdl 

.^w?Lp'yi .kLU ^ JbljJ (5^1 jJ 


olS"jj>Jl i ^-. k a 1' ia^^oJl ^Lo-J* CU^tJ 4^JaJwoJ 1 ^^3 

j»Lp coU^i (Irmenger) jUl ^j->^J 4_L^Jl i^jljJl 

(. *U2^-*JI oLwoJl ^A ^k^Jl oLw<>J I J-& y° ^u_>j * ^008 — 2007 

o jS sJl yo ^JLowJl)! c_i_v2jJl ^3 cj!j_-_*jJI ojJl j_ 3j . CO 2 —J j_>cJl c_i jL*Jl 
l jj.il jJ jUl ^>u <_5^ *L J-*-^ oL^oJl ^3 C C-Av^l j^Jl jL~a j J j^Jl Ojl J>- y <^y> j'l I 
$ y>*.-yj <• A j-^Jl ^LoJl y* J^~ L)l-di3 ^3 J-J->cJl j*-^Lwaj 

oJjL*.^ *lJ~<*_xJ| oJ_& j)J .(j-wo-*Jl ( Jwoj>cJ| IJ-> C yJl^j Lo-j Ojk oLwoJl La 

. (_£^>-1 ®j» ^La ^3jJ| ^j»a Aj\ 4j>-jjJ \jj>- 


(North Atlantic Ocean yy^J>\ L5 -~JLkVl .k* >^<Jl jLo_j jljj3 jlS' 
(jjlk^/l ^^Lp j^-jj Ujj j\ ya tiw?l Meridional Circulation) 

jljj.5 jl_> ^IjwoJl ^oL<kj £-3jJoj . 4JL>L^_> ^3jI ^-^-^1 ^-yg—*Jl J j\J>- 

^-v2_*Jl 4_) L^J ^3 jl ^J>-'yi ^SJj L ^-^LJl jl *yL ^L^cJLwAij/l iw^2_*_v2_^Ai k^>c-x>j| 
5y>- yA c yL^5' ( JuLo^s jLo»*JL^iL>j . AjiJjL>c-a 4j>t-Jo ^_^L^ (J^ ^wLdj>cJl 

^*^lk j/l Ja^J>c^oJl jljj^ jl ^LCJU^'yi C 1999 _ 1781 ( /^a |^yay oUL -jA ^ 
. (1850 — 1800) jJk^/2 .Jl ^JJl>J| j^2^Jl <jL^j j->o Iwbl^La ]jJ 


a\ jJL^i'yi Ja_>- ( j_P J_*_Jl *l!sLaA yLa y]p l_La ^Lo j_*Jlj 4 _j jl_>cjjl ^L) ^Jl ^ y^~J 

^j-Jwwjl jjL>- ^lu j}\ ^oLoj d^ol5"_j .A^s^j'yi 0 j ^\JJ ^j^>cJl^ j>-*xJl yjL^t 2jwU 

jlj^^ ^I^^j c 4»o^iJl ^L^Jl ji y>x^j Loja.tf-11 y>*-> AjstCo *Lw^U>J| ^w*_>j'yi 
|j-& (y$y)J . Ja*>c-^Jl y^S* yA CO 2 -tj^-oJl 0jwLv2-a C k^>c->oJl cljl^Lo 
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La j_&j <• 4_>~L*J 4_4_L>- ^3 ^ j_31 d)ljj3j J-kl jl jJO>- i 

^3 <Lo ^_*ji ^l>^_u < oLLwa oj C—j-^j .^aJl^ji ^_v2_*ji ^jL>- 
toj_Swa ^oLo«j d-j>-. 4_>|j_Jl J_La ^jJ^Lk- olx3jjJI 4 _LpL>- t£^l?L>cJl (jlSLoJl 
(Buoyancy) *L>jkJaJl j ^.jg.^li ^3 ]g.^>c-^Ji dJjLo d)ljjwL> ^L>^Jl L)1 

La jj_p oLk^J' a_>j_*Jl oL^oJl <isJL +^£>I .j^pVI oljjjJl ^Jl ^l^jJL 
t ^JLv^ ^P j-ojJl I J-& . dJQa^>&^JJ ^Jol a 5^y>- ^Jl I J-& ^3^^3 c 13 JJ 

djIjLo d)ljj.5 ^^-Lp j-Ji ^~Ij j -U (1)1 A-JL>cJl djlJLwJl c^«_>c_* kj! jJLs 

Jak- oL>cjL> Ja_i_^2j <^P“LLoJ| ^CaJ^^I ( j-SL> Jt-! t 4_>J»J_>cJl ALaj^l ^3J .J2-^>c_xJl 

(1)15J t *)/ Lo~J» Ul ^3 ^kJl jj»jJl iJ jC (jLLoJl . 0 I 

.03j t5^' ^djJl vkJlSj -Jr-^ ^ LrV* 


4JC0J! ^3 30 djLlsLo ^j^>cJl c^ljLo d)ljj.5 d)L> ^\ ^isl iiLw& 

jldl IJLa .^JJAl JLw Jlp ^JjJl jlJ , (1811) 2004 j 1957 ^ 


Lo-^ 3 t ^>cJg-AAi jLo ^3 («0jJ^>cJl j_>c_> oLwoJl ^j^tljj l iijjj j^j ^yPj& Ja_>- ^3 

^-v^3 -Xij oL>j^ 10 _ 5 Ljjjl LxiJJ ^3 Ij-P-Lwvwa t NLo«J» ^3LJl ^Jwo^j 

(„0^_^_^“ I ^ j->3 4—P J ~^* ^ q) L-O w ^—L j ^ ^ —) f). »s ^C—1 I _ t ^ —1 l— X > w«.-s^ l I 0^ I y^x^ ! L^«.iv—> 1 

^ oLLJI ^[>-y^\ j^\ai ^Jj 9( j jL5Ul jy>- ^\ jLaUUl ^ 

U5U5JI OJl, 2004 {.Ip i^LU! oULJl t ^5Jj .^JJ J\ 1992j 1981 j c 1957 
l 5 -^JLUV| jljjjJl ^Li^: lijj . 1998j 1992 L^Jl ^_i 30 ojlJ^a 

^-AAwUsj'y I d)ljj jJl c_i_3 jjJ 0 wLj>- jJl ^JLj jJaJl j .LjjjjI c_3j-^3 t 


( 1)1 


. Lo—&*)L5jl C^jVl (l)ljj3 ^2_9j 


1 c ^ 1 


i5 


^3-Sj 


^jL Ljjjl 5 jZj I ( /^p l^_> jj iiLwA d-ol5j t (( jj I)) l.^>Lp^[I 

^jljJl (1 )LwvU^[| j5sJl jl^Jl (ilta {£^ t AjJ-X- a C1 jL>-j^ 

t ( j-*»Li f-Uai>-'y A^>c-^>c-s^> 4j>cJl^a t^£j^xSj 'y ^aVl (1)1 j-^P t CO 2 OljlwL^?j 


H. L. Bryden, H. R. Longworth and S. A. Cunningham, «Slowing of the Atlantic (1811) 
Meridional Overturning Circulation at 25 N ,» Nature, vol. 438 (2006), pp. 655-657. 

22.9 ± 6 yLo 1000 j-* J^w>' u5 ^ 1957 ^ JijJl ol5 c jjbl^ *Syu L» 0812) 

jJl*^> jJ* Ik >- ± 6Sv t AiaJl y jlj 14.8 + 6 Sv. J 2004 o ^JjUL* Sverdrups (lSv= 106m 3 /s) 
IoLoCLpI 1 8.1 i 8.5 Sv j\ 8.1 i 12 V J->) 8.1 i 6 Sv—S" O'-o-s jJl O^jI< kkP^ .^*>k9 (_}5 j 

op (315 L>j ( j**iLJL!I ^3 *2kiJl k>-ylil 8.1 Sv o|j s_Oj oj_a>j .(lkil-1 (5^ 

yo L^_kj (26 c2006 Jj y \ /oLvwJ) Physics Today Jl ^ Jlk> ^ s-UaJs-V 1 OjJij 

. 2007 Physics Today ^ I ^jJ ol y» *2JJuJ- 
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. 4_i I d->c-J I j_*Uo C— p^-wvJ C-ol5 Nature 4_b>c-« d)l ^^1 p (J Aj bo^ 

^3 I *LowL*Jo b* (Jjl 1 ^-wvU obi ^j_J J ^J>c_oJl (1)1 

w^Jl ^>1^ ^5'^^Jl b^2P® (Jd>c-i y*-> oj^j .^j-^LJLJl f-Uai^-l ! *bj^Jl 

.IjIjl>JI Jil ^^Sb Mann[etal.] <cpL^-j jbj 

C 00 j_A jLS' j _ ^31 jl ^lp J-*_i J-3 lb_& ^>Lv^>Jl ^ j_j £_3jj (1)| 

/cj^Li ( /j-« jd>cJi oijjjJi ^u j-43 .otAp^/i ^.aj oj^c 

d>Ml ^ (Picket Fence) JJj £-« 2005 ^dd^/JjJul Jl 2004 

^rj-i 26.5 Jdp (jULaLJI) (Abaco Island) j^LI ^y.yr 

C ^>lp oJ-^3 djldJl ^3 ^LoJl ^*0 d_*_5^oJl jldsVl ^s_>*!)boJl ^j-*>bJL) “GjJl ^-L-^ 

30 ojIjJLj bljjjJl ^3 ^j^\jl>cj\ y& (3^-b^/l Ip ^j5b ^ 4 j! C/y^ 

wL>eJl jlcJ 4JjLd*-£ oL*Uj 4j>tdcJl oSj& ^Jp 433b/2-oJ 1 CdojJ C 4JCoJI ^3 

^ yWLd' jlj . (1814) 2005 j 1999 ^ (^PJl ^iLUaJl J^ 

-Ls y**- 3 (_ 5 ^ ** 9*5dd>-bll^ t V1 cJLo— s> jI^jl&I 4jL>c2d*>l 

^jj j_l> cJl oljjjJJ (jLwvu^M (^1 2)1 <d>-j3 O-Ls^j 


(jlj^^) ^-wl_>cJl jbo 2)1 j-& . jL^-b!l j-y* b/ Jy b^Vl y *— 3 

jbj jj_v2^3 J . 4Jj-l*^Jl bjjjl f-ldd (J j-yg-3 ^P (^J jd>cJl ^^JJsj'yi 

(J^-1? ^Jp (_5^^-2^1 cJLo-dJl y^ (—t 1 ^Jj>- ^-Jj>cJl 

.4A^A>cJl ^l?LwZ> ^Jp ^J^L-o'^l bs olp J . <u5" ^^^1 oJj>doJl obN jJl 

dbl1 Ojl y> cJl 1 Ijl-t^a ^3~^\ b.-.>c-^J 1 (1)Ijj3 ‘LoJg.j 1 

OjljJ>cJl ob-& ji-yg.i C ^Id^Jl (Jt)b>“^ .^ItVl (Jb>-Ji 


C. S. Meinen, M. O. Baringer and S. L. Garzoli, «Variability in Deep Western Boundary (1813) 
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jLj od)} 4 JjlJLa t j^5vJj . 4 JI 3 

^*Jl Jj^LJl ^^Lp A*3ljJl IS"cJLo-JL) (jjj C l)1 ^3 aLLv^J ^-Jj>cJ| 

jLjl) ^t^Jl Ja.-s>c-^>J 1 l)} Lo-S" .j_>-I ^ aJwCL*.^ pLlJ> (Jj-yg-3 

JjJa ^^Jlp NL^J. JiJjo ^jJl (Kushiro Current) jj-^jS jLJ jj* £_Jl>J1 

(^1 ^jjlu *y j .(1)jj*_> jjij Uj jjUis” j- 5 * 0 ^j-^* *• l)L>lji ^ j-^j ^jo-Lw* 

^3 ^j 2_)I Ja^>c^oJ! Ojl^>- ^JJLl) ^ DjI^>- 

j_3^.SCLs JLuJl ^Jww—*i ^_Lp) ^l^Jl Ja^>c-x>J' jS* ^j_o ?-IjlJlJI ^Ll>j 

.(L~4 (j^ ^yJl Ja>- iJj (Vancover) 


^^jLwv^s .ji.jg.^>c->oJi ^ls j5L^ 

^^3 jJl^ Ja-^>C-^Jl (Jj-O-P dj| jLo ^3 oL^oJl ^JJL A^Lo-P Lyg-j ' AlSC^ C »«^-*^>c3 

oLwoJ ^>sjJlj C £-9j-oJlj I ^JJjjJl jl JJLa <!)} • 4jj>c-yfl-]'J AjL^o-*J| oLw^JJ 

La_*-vg 22 Ojl^>cJl ^a oUa-^>c^>Jl ^jj>oj c Uloj UjA jL^o-*JI Ja^j>c^oJl 

,i?.^>c-^J' oljlJ ^3 j*J*sS\ jU c^ j_>cJl ^_3*>L*Jl ^3 ojl^>sJl ^a jJLS"! 

£ L^S U cJI jlAjj ^_Lla_> 1 c (_£^j>Jl 1 ._9tA-*-Jl ojl j^~ A^>-j3 ^3 

.ollax>c^Jl *^9J_> ^j^>Jl ^-3*^SJl jl (^1 t diJS 




J Jl 


J_& t(j^-yaJi jjjJl) (J^- 5 ^ L5 ^l)} 0} 

^ J^ J* . 


Jj 


(1819) 


^L>tI3l ^SSuj L« 


^j_>cJl Ja_^>c-^Jl ^j_o ( J^pLaS 

J| Lr$-^ L y-riJ ‘ _ rr o-™^-2/jj^l j^LS' j4-i 
JJa-^X3 .^^L^JI .Ja^>e^Jl (3j-Ji ^^3 o^jLJl 0 LwoJ 1 JjLJ ^Jl ASiljJl .Ja^>e^>Jl oL^s 
t Jl iJUw-l (Anchovy ^JlJ! Jiiijj ^ *jtj* j^-^l 

. 0 j-ws^3j j-olxll 2)1 j-^P C ^3 *^_31jL>- OJ>uj 
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0 j-i Jl 


(Gilbert Walker) j-Sjj 




JjjJ 


I j . A-o j_P <. > j_L>cJ I I £-5 j J I ^3 dJ I I wLL^J I ^3 I 

^3 ^J^23 Idlll ^Lwvjlj C ApL>c-«J C (J J^-JL>cJ ^3 (^l-Aa*-! 4—j-oJ I ^lj jJ I 

aIoj (Ul j2d-*>l) ( jojj5 ^3 ^j-vJLlaJl oLla_>c_>j jSjj ^Jwo-aJLw*! j .(l)L^_*~Jl 3-Lp 

4_>cj>-jLl« 4_9tA-^ 1 ]g'j c ^Lp 100 o j ^-p *)5>c--*» ^-dJJl c (Tahiti) 

1 Ja^-oa j5 (. I_L>- UIp Lo-A-L?-I Ja_*_oa -La-*-*#olS* b^-L-Pj .(^jd>cJl jljdA^I 
0-LdooJl AjjJLJI A-3j-^Jl ^IjjJl ^L-Alj ^3 ^JLxJl Ja-g-yaJl Ja-o^jj .|j-^- Lo2_ij>do3 

C 15 j*J* 1 jd>cJ Jp^LJl (JjJa ^^J-P la-L>J (^^LgJl Js-^a-c-oJl (JjJ>- 

^Ja—*> ^jddoj 4 -o2j2j>c- 4 ^^LgJl Ja-j>c-<J 1 o-4 j& ^Jl ^Jg.*,«Jl oLoj ^L>^Jl o-L a d—-L>- -Lij 

5 Jd-ai ^_Lp o-XjL a— byjL>x-jzj c c-A-yaj-j ^l^Jl Ja—a*c-oJl ^-*-* 1 ^3 

^3 ^d_Alj ^3 Jg-^-ygJl la.-.A LaJJ-Pj . 15j-os! c—>j_L>cJ ( Jj>-L^Jl 

oJ J_p ^3 (1)15 Jjildll JJLdlj AjjladJl ^-IjjJl dd-A^-5 5 C^jjjjl.5 

do ^_*Jl ^L> jJl d5g_pi j i A3 j-*^j ^pl^Jl la. ->c-oJ 1 .Jg.^j ^ 5.^.,>c-oJ 1 
LJl^dJ ^3 lilia-j ^l^Jl Ja^a*c-oJl Ja—*>j OjjJP 



Ja-w*eil j*£> (Jl c-^JjJj (J! 41 


JjLoo 4_a^-j Ijoa 4_>- joj ^_A jJo>cJl jJ-j (Jj < > Jo Jo ^1 

td->_j-La- Aj 1 -Lj j 4_o 1 1 Aj jLadJ 1 ^L) j}\ o_A_*_oa 


jIjJLaI o^_AlJa d)J 

L,j , (1822) r JUJl 


G. Meyers, ^Variation of Indonesian Flowthrough and the El Nino/Southern Oscillation: (1821) 
Pacific Low-Latitude Western Boundary Currents and the Indonesian Flowthrough,» Journal of 
Geophysical Research, vol. 101 (1996), pp. 12255-12264. 

A. Anyamba, and J. R. Eastman, «Interannual Variability of NDVI over Africa and its (1822) 
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Ja-x-yg-ll *lJLp ^lLsIwLII <LoJg_)V1 ^j-« ^IjjJl oJ_a LJLC>j .^jj_l>cJI j_Lo Jl 

■'aJLo-J.j (jplgJl y 40 _ 30 y> jS- Jai~ jJaL>j y>-vi 

.ol^jjj j^Jl 0 J_& C^~-wvU (_£ JJl L« lij 


Jj>-L> jJl j \s^x^p ^3 ^-oJl 0 >Ia9w\jJ| ^1>cJ| <«_> Jj jj I 

8_3 jIjJLo-i iwAJjl>cj j_Lo Jl jjj • ^j_o La_Lii^s 

Jg.*>c-^>Jl U^Ljoj C ^JJ^Jl J ^l^Jl Jg.*>c-^Jl ^^3 olJ-L^< 

(ooLoaJl t Lwo'yj) J} • l~o~ & *ljJ Iy-i 18 _ 12 

Ja■ ^c-aJl jJ> J y>- 0.5 ya yiS')! y>c_JI gja.«» Ojly>- ^3 ijJLjLS' 


•0^ 


Ip ?l LjLp 


Jl 


i^hiJ -y- 1 ' 


2r* 






Ml ^l*JI 


Jg.*>c->oJI ^_p ^3 4J-3I3 ^l^Jl ]g.^>c->o>J' ^3 <Lol^~I j jJl 


sLwoJl ^Ijj 


. 15” <—J ^Jj>- J £ UL-^_P oL^a ^ysJ^ L ^plgJl 


Jj_9 JjJl jV J C ^_> j_L>J! ^5" I JlJ>-LwvJ| ( j*a <-J jJL Jl_> j_Lo Jj. J ^JLsIjJl 
^L^Jl .JlS\ ^^>Jl ^pl^Jl oL^j liJJ (Upwelling) 

^ «jl }*-> J-kyi 1 IS 4_>cJo jl ^Jil^Jl ig^J>c-^J I v_ > ^3 <J J L>cJ I 

4^*_U? AjjL^P .4j^_P ^3 i sL<2j>- <Lj Aj>zyj c Ja-w*c^oJI 

^jLJ j_Jl j_> jL^-jJl <—■>j-P ^3 03 t L»L>-Lw*> 0 J_^vjj_9 ^>3 4 _j«_1jL^3 

J*>U>- L^_p jjj ijjlJJl oUJaJl jlwLLa ^ oJjL oliM^I (Bolivian Altiplano) 

ol^ 1 ojjfc ^3 4_Lj_t 0jJ3 

Jl5 Jl jl Ojj*Ij_J)M ^jJUNl 


^yj y-illl yJ y^j 


( 1825 ) 


j»U 12000 J ^LwoJJ 5 


( 1827 ) 


J 3 MI ^lp 400 J j(2o i^l^^-l jlyj j>J 


( 1826 ) .. 


jiMi 
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jJgLwoJl ijLjI Ll*-)*)! j jJwj_) JJ ^iJ-g-V (1)1 y-a *—p^J l ^_Lp 

y«a *LwoJi_*ji oji^_> cJi ^_Lp ij ^^_i y^s"! ii L>-fJ jU c<Lsji^JL-A’^yi 

oLw*>L^3 oIwLj Jl .JLloJI ^_Lp 1998 ^Lp Lo-S" CCO 2 —Jl 

^3 olj^Jo o11978 ^Lp Sjlj->Jl ol>jjJ <-*-pLJa.yg^ 1 jLo-sVl 

*)! J .^Lws <2jS\ 0 ^SJJ ^^Li-jJl 1-jLygjJl ^^Lp ‘L^g-ljw^ jLj! 4_^JL*J| 0j| y>J| 

C ( 1828)^JU ^^>JI cC0 2 y JbljJl oV C0 2 JJ 0 JL 45 ol^JJ J>p 
! JyL yJl 1 1PCC JJ y^ oLJ t*_JL>c-a I 


J_La 4_woJL*Jl ojlj_>cJl oL>j) Ja_^jJLa ^_9 ikg-JGJI wL>ljjJl ^ Ik*^a JJ)) 

^jyJ I ^_)^^aJ| i 

• ® ^ ^ 0 yJ I wC»««»«5 I 


Ly C 4JL*3 w\J| jLp dJyJ"jj ^3 Jig*-jLjl wblyJl y>^JLxJl 0yiJl i—fl-yg-XX 


yj>L»jJl ^3 ^.^tfJgJl Jy^j <• y)wo JJ olyX^ JJL>- 4 jI ol j*J*S*}\ 0 2_& y~J 
ya y5l <_jyJl y>L LJj/ JjU>- SiiljJl oL<Jl JJ JjJy .^J^-lj I 33 I (Altiplano) 
y->yXg>J j_*Jl Ju^LJl JyJg ^J-P Jl jUg-a^ly ^l_>jJl 0J_*J>cy3 c l^JL^Jg 


JgL^o Julyoj LjL 15 ^-al <_3y)j>- ^3 y^l^Jl Jg^g-c-oJl ^.ygjj C 4j JlP J c_4-yglypy 

Jg-^g>s_^Jl ^_9 j_>c-Jl Ojly>- y*a 1 I^I^LLa JJ .y^-wygLp^l ^-w*JJg'yi 

^3 ^_31a>cJIj LJLyil c3^ 5 ^ <lL5xJI jUa^Vl L>5 C Ji lS-^' 

k.ax-oJl ^ «t_J-o-P J..,/g>iJ 


J La I oU 


(1829) 


'J3UJ 


9 JJl 


(Golf of Guinia) Lj^p ^Aj>- ^3 oLy>Jl ^y2; Lo-Lo c ^ag>-ij 3 ^jI c _5 

JL ^-wJJg'yi y >c - j ^Jg-w») ojly>- *u>-j3 -L->j y5L>«j_j .I 33 I L5j^ il ^3 

(1830) " . 

* 

^3 c_iLL>- olUlyu^l ^3 0 jLs-'yi LoIp 144 Jl LoLp 48 cLlS" 
jJwo J| (^Jj>- .jUa-aVl Lwo^ i»_^_L>cj Lo-Lo c t^iLig-Jl J} iiy >cjj .ojUJl ^ly>-l 
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Jl>Jl ja L5) 2006 j»Ip UJS .sjIp U tLJl^cU ^ lil Jl>- 2002 j»Ip ^ 
.jUa^Vl { jJs-x-> 5JL>- 2007 p LLo'y UJLla 1)5 .(ULsjUI <oLp 

UljJcU 4.AJg_La ^9 *WaL>cJj t UU>Jl oUj ( JUjU *C35 jUaU JU& ^Uj 
£_~J ^>L5 1)1 .((Murray-Darling) £_Ujb - ci'jj-* <^5j-^) ^j-^>JJ 5>ccUl 

ojU ^s^LaJl ^3 Ulp CCo5 j C £oU> jU jUslo^U ( JU>Jl bo*)! ya Ol 

x_cJ^b y^~ c5~^ woJl ^_9 ojbj t- -JU.& jl5j .5 Lp 15 


JjJLj .<UljJC^Ul ^3 oU>Jl 


Jr* ^ 


ULUUl jl iSjJLx J 


9Laj>cJI 1)1 cc-^LJ^Lj J5-L ^jcULp 1)LU y* 
*1jjj Uj Uj .1)Uo^/I *c_n 


,^^-ji 


J (_£jJl ^JwUl 


y» ^JLC c_3 

-UUj 1)L ^JUJl Ul*ljjj -*-9J 2 1 (3-UI ^\ 

(J| 5j1wL>-L) j5l U 5lU ^ j_p ^.pj <. 5olU I ^jJL*Jl J*)5- jLUs'yi 

5jjJL* ^j-^j-oJl Sj5^M p1)| c_4_1L)51j ^J ^j_L*_j ^-5 j_& ( J^g_9 .Uo^j 

• cc>2 ,j~Jj t jl^jVl UU>- Lo-& jCo Jl UUo ^5Jl UUUl 


.5 1 


Jr* 


oLUl 


UoUl ^Lp ©jb^Ul ^j^wo-aiJI 515 1)1 Ujj_*^Jl y* 


Lo-jIj c jj>c-jJl c~~U ULjjUI J*U>- JUJj^oJl *1j-^Jl ©jl^>- 

jlia^Vl ^3 *U>e_ 5 Ul jJL^j 1 (__5^_^-9 l)} ^^wvj .^j>c«Jl11 "kj> 


^AJ19 t 5j5l ( /ys ^iUaJl ^^Lv2Jl«l ^yg-Laj «>5 jl>o oLUl ( Jo jj>cj aUp 1)1 J 
t j5cUl ^ya^Ujj c 5_yJl 5 j5j ^^2^5x5 t UUUl .ojL 5^x!l 

1)| .^1 ^-^1 ©jl j5- 5 jUl ^r-]g.A,^ 4_9 LU1 y->z-*~~Jj C 4j ^Ul ^l ^JL)1 

i->L>-j3 

^Jl <\_Lv^ljJl ‘L^^o-Ul 4_9UUl ^0 lwL>J-« ^9^1 ^J-Jjl J-JJ .^Jk-31 U>w»_P f-Ua_Pj 

j~sS^s 5^)Jl L^-^JLowJ ^51 ^w-w^wOwsU 1 U LUl ^9 wbljJl 1)| L>5 .5jjJ 1 

. CO 2 ^^9 o^LjJl L^_UvJ ^xJl 0 JJ jUl <UpI*«jU! 49 U 2 JI ^9 ^xUaJl J_)l^lJl ya 

^glg-p 1 jl9j .4^_5UJl Jl 5 jIj^>-I ^J-p o-ULj 5^>Ul oL^jUl ^zSjlj 
(. (Peruvian Shelf) ^ j^-Ul U^Jl Sil>- ^^Jlp (Sheltered Basin) ^ 2 -^ ^y>y>- 
o^wUl Cols' .jCo J| ^0 ^Lp 20,000 J L5ojb tU>t-w*» c LU ^p ijU5 80 
^Lp 6000j 5600 y*j jCo J| ULiU L5U51j^ L5 U>xjI <i5 ^Jo>c_UJ Ijj^ o y^S^l 

41 1 * << t ti • 1 . - *. t «. \\ ♦. ,ti 1 .- 


jj Ul5o 1)5 c 5iJd5 . y*-*^ _sUl 


L^_J iL- ^Jl a jiJil\ ^-zj t CI831) 125 0 aUj 800 ^Lp ^ 'LL*^. jJ_J 


B. Rein, A. Luckge and F. Sirocko, «A Major Holocene ENSO Anomaly during the (1831) 
Medieval Period,» Geophysical Research Letters, vol. 31 (2004), doi: 101029/2004GL020161. 
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C J . ^*51*^ oJxJl iil-LA (1)15 C Aw?Ljl ^lp 1000 Jl J*5^>-J .^2-*^ jJl j j^42_*Jl 
^3 ojl y >Jl <L>-j,5 CJl5 t j_JLp £_>LaJ 1 (1)^jJl ( Ja1jlj j-**-^ (1) jA Jl j2*-\j\ ^3 

(J.Ul»P (1)15 j-Lo Jl J^La^u (jl j*S* C 4_LJ_3 ‘Lw^j'yi oj5sJJ c_i_v2_Jl 

|Jb c Il ^jJl>J 1 j^a^Jl J-*_> ^5^5Jl (1)15 UjJ-Lp c j-JLp ^-^iJl I)^JL)I 

J^Lio ^>3 ^^J-p U-*Jl ojl^>Jl I)j5J 1)1 L*_s jLa 1)15 .£j>-ljJL> j-Lo J} J^l25 

Sjl^3 LpLLjI ^^Ij-^'yi oj_& (1)1 ^_3j_J 1 IJ_& .JUVI j-Lo J). 

Ja-wsijjLa ^^J-pI ^-*-*1 (^JJl 1998 _ 1997 j_Lo J5 j_& Lo- 5 t4_w<JL*Jl *1 j-^Jl 

ojl^>- 


(1832) 


^pllv? ^^3 L^L^a* 


_ 2004 c2007 JJljl _ 2006 ^jl^/J jjuj jj^J Jl ^Ij^I cJJu» 

_ 1986 c 1992 _ 1991 c 1993 cl994 c 1998 _ 1997 c2003 _ 2002 c2005 
< 1793 _ 1790 ^ Jl c^Ijl^I . (1834)(1833) 1976j <.1987 

_ 1997j 1983 _ 1982 <1926 _ 1925 <1891 < 1877 _ 1876 <1828 

<j^~ j»UiaI Jlp 1998 _ 1997 oJu- J^j (1835) . 1998 

<Lw^JgJl jJwO jj Ojl jJ>- 4j>-J.5 ^4 jL>jL> AjjlJLa) 4_> jJUs 1.5 *\ j_^Jl Ojl j^~ 

t 2008 ( Ju1jl ^3 LjwO*)0 o*5^5j .(ajjJJj Aj>-j5 0.3 —> <JjL<>JLoJl 


LiiSJ* L11995j 2000 - 1999 c2001 _ 2000 ^ LjM d^lJ^lj 

. (1836) 198 9 _ 1988 J 


(jJ^L)woJl Ojl— J*£\ j-Lo jj (1)1 ^j-Jl ^J-P 

(^-^>c)Lwvoj c A^/^j'yi o jSJJ j^>ji pjj>ji ^3 *y j i$j ^y ^lli *yj c aj>i jj^'yi 

^->3j Jjjjl jLo-^> ^j->) ^jjJ 3 t pLl^JI j5“IjI ^3 ^jjjVI ^LwoJl l^J 


dr 0 ^JJJ 1 


Ja_>lj-Jl d)j^_> JL3j .5 


IJJJ 1 


JJL*^3 c_3j jJs? 


B. Rein [et al.], «E1 Nino Variability off Peru during the Last 20,000 Years,» (1832) 
Palaeoceanography , vol. 20 (2005), doi: 10.1029/ 2004PA001099. 

T. P. Guilderson and D. P. Schrag, «Abrupt Shift in Subsurface Temperatures in the (1833) 
Tropical Pacific Associated with Changes in El Nino Science, vol. 281 (1998), pp. 240-243. 

K. E. Trenbath and T. J. Hoar, «The 1990-1995 El Nino-Southern Oscillation Event: (1834) 
Longest on Record,» Geophysical Research Letters, vol. 23 (1996), pp. 57-60. 

C. N. Caviedes, El Nino in History: Storming through the Ages (Florida: University of (1835) 
Florida Press, 2001). 

B. Wang, «Interdecadal Changes in El Nino Onset in the Last Four Decades,» Journal of( 1836) 
Climate, vol. 8 (1995), pp. 267-285. 
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23 3 • j ->\^LwvJl ^->^IgJl ,Lu>c^oJ' 4_^>- 

Ja-^>c^oJl ^3 ^IjwoJl dJ*)] L>- J-Jol ^JJw^_Jl ^Lw^w^^oJl ^L»^Jl j 

t. • .** ... (1840). - • I- M . , ^ (1839X1838) , ,. t, 

(Jj. <—•■>'A^^ij «U>cjjL> <-Jj\ J>t-^> UJ C 4J y>-J 


<LoL>- 


^5 .3 . <XjJj>- .3 yAS* (J^L>- 4j I ^L> y~^ 

(Upwelling) JiJjJl Jbl y 23Lj* jl5 t 1846 ^Ip Jc^j 


(1843) 


Jl Lj>cjjIj Ij^S oIS”j 


(1842) 





Jjl <Lw^?lil L<jLp 30 SjIM oUsLa^tJlj oLpLaJj! ! 42 

ojjL ailjj 23llA .ojl As>-jA ^3 o 'JJA c <Lol^ul ‘LoLS'^j o'A>-1 J ^1-J J j_ Ol-X^-U 

. 1998 >Xju U jL*j Jl a\ jl>\ Oi> t JjjjJl j>-ljl jl^>-' ^3 OjljJ-l <b>-j.3 ^ 


S. Ineson and A. A. Scaife, «The Role of the Stratosphere in the European Climate (1837) 
Response to El Nino ,»Nature Geoscience, vol. 2 (2009), pp. 32-36. 

N. H. Saji [et al.], «A Dipole Mode in the Tropical Indian Ocean,» Nature, vol. 401 (1999), (1838) 
pp. 360-363. 

P. J. Webster [et ah], «Coupled Ocean-Atmosphere Dynamics in the Indian Ocean during (1839) 
1997-98 ,» Nature, vol. 401 (1999), pp. 356-360. 

M. Pfeiffer and W.-C. Dullo, «Monsoon-Induced Cooling of the Western Equatorial (1840) 
Indian Ocean as Recorded in Coral Oxygen Isotope Records from the Seychelles Covering the Period of 
1840-1994 AD,» Quaternary Science Reviews, vol. 25 (2006), pp. 993-1009. 

B. N. Goswami [et ah], increasing Trend of Extreme Rain Events over India in a (1841) 
Warming Environment,» Science, vol. 314 (2006), pp. 1442-1445. 
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Ocean ,»Nature Geoscience, vol. 1 (2008), pp. 849-853. 
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j cJ} (^j|-L>“! J3^JlS" ^v^-SljJLaJ 4-^vJljJL^ C->L>jJa_> iil-LA 

(1)1 ^_£3L^-Jl 2 »c->qJ' ^3 ^3 oU> 4Ji3!3 <L*JL> d)l ^P~l_> d->L>-l ^JLS^I 

^Jl v_Lo-a t j^Jlj ^j-o Sjl^>cJl 4_>-j3 ^5 ^jU)l c_4-*-v2j 

I j_A j^JLj • ^-3j-*Jl J J>tJ oLwoJl 4jjL>cjJl 

.£_3j ^Ij t 4)3lw\Jl <l*JLJ! 

a^sI jJl oLwoJl ( /^s (Bulge) U^Liol oi o-bl^LoJl 4_>jL>tjJl ^l_>jJl olSCaL 
oJ_^J LS" j>*-> <-^ (1)1 ‘UL^X-yg-]' ^-Ij ^JJ L&A)P C ^l^Jl Jg.^>c^oJ' ^P 


cjj £-* 0 j_^_S~ oL^pIjj ^-vo2_j ^_j 


J 


(1847)( 1846)( 1845 )1 - 




oLwoJl 


.OwU>cJl 


^Jl j_*UJo <C3ljJl 4_oIoLwoJl d)| <j jJaJwIi 0 j_& ^3 oLstA^ 5 *"! (Jj-4-JJ 

<L<j I‘LAig-LoJI *i_>-tX3 C JmJ <J| T ! Jai>- ^jP OwL^*_i (J^JgLUs 

ii4SJl ^iJbAl . (1848) l^>^i *jU)I cJ^il ^ I^Jcoo IjIjULo 

L>^p 4_S"^j>cJl<>JI jLjlII ^3 djJ->cJ ol Ja.^>c^oJl jp ^3 

(1849) . . n * . ... 

. UJ. <—3Jj>- jJL>*j 

^Jj>0 IjLp c_3jJL JtS <Lol (l)i i£ J^~ ^ 

l j^j JajljJ (_gl J_>t-~~J jvJj . J} ( _ 5 -~o_»xJl ^LxJiVl 

J 1 Ja.^ >j-j (jj ci->l _Up-I (1)1 (_£^^>-1 il^l—> j-^—> ^jJLjL-sj .^j. 


J. Bjerknes, «Atmospheric Teleconnections from the Equatorial Pacific,» Monthly Weather (1844) 
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T. Yamagata and Y. Masumoto, «A Simple Ocean-Atmosphere Coupled Model for the (1847) 
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. (Recharge Oscillator Theory) <oUd (1848) 

R.-H. Zhang, L. M. Rothstein and A. J. Busalacchi, «Origin of Upper-Ocean Warming (1849) 
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ilu o™U cdDiS JUJI cJlS lilJ / 1853 )( 1852 )( 1851 )^^J| 
.jg. ^ J_JL*Jl l] jJwwvJl |j_0 *A_9j Ji ^ I-L?»“ Ij Jwd ^ | 

. ^wjJl J IjJj>- 4_oIS"<^ jI_g>-L> jl .j^JLlaJL Lojj) 

jUa^slJ C ^^JLwvw<>Jl 4^yfljjj>cJwfl ^L>j ^_i ( j_o A_3*^\_P iiLwA (j^5s-> JL3 j 

i i-Sj-iJl ^IjA/l ^ J^“>L-j t(_5J-S’j-oJlj JjUajJl 


(1857) 


^LLwvJl (_5 AASwLLoJi ^1 ^JJ>“IwUJ| ^JwO-PxJ 

lla Ujjj . (1859) li_p itiljJl ^kJl »L (1858 ) JLpSII _pj . 

. ^ jg»-l jJwO cJ| ^l*Xg-l ^ 4^S\Jj 




J! 


ilLj 


J-^oJJ 


JlJ 


j J! 


^1 oli^Jl JljJ N 


iiL* c~~Jj . L&Ag-l JmJ (jj JlSJ <b j-vgJ-3 (1 )j^vj 0^ Ls LpJJ ^pJLigJl 

aJL ^Jg 1 ]Lla cu~J j i ^S\JI jlL jj_L*jo olAg>-VI oj-& ol ^J_p (JJJ ^> 
c (1862) ^l>j| olk>l^iJl ilL* j! ^ . <1861) *SjsJl I JL» JU™J I^Jlp jiou 
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C. Eckert and M. Latif, «Predictability of a Stochastically Forced Hybrid Coupled Model (1854) 
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. (Madeen-Julian Oscillation) jJJI jiaI (1855) 

.ji)5 £\y>\ (1856) 

I. Eisenman, L. Yu and E. Tziperman, «Westerly Wind Bursts: ENSO’s Tail Rather than (1857) 
the Dog?,» Journal of Climate, vol. 18 (2005), pp. 5224-5238. 

(1858) 

E. Hackert [et al.], «Role of the Initial Ocean State for the 2006 El Nino,» Geophysical (1859) 
Research Letters, vol. 34 (2007), L09605, doi: 10.1029/2007GL029452. 

E. Tziperman, «E1 Nino Overlapping of Resonances between the Seasonal Cycle and the (1860) 
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(3 j -C*P J-jljJOs *L>c_jljJl) jj^jJl oLpliJjl < 1 ^ 3 jJLS 

Jl oIjjJ-j 5J-Aj (East Pacofic Rise ^l^Jl 

oljjwtJl oj»&j i?LiJl ^j»o aS^Ap UILjJI pLoAp ^j 


(1864)(1863) 
(1865) 


(East Pacific Rise) ^l^Jl ^ ^Ij-Sj-Sl i?LjjJl 

.AjC^Ull 0w^J' ^wda-yg-i Lg-yg-X-i ^jp A.! yj2JL* j^j>c-v^ 

j-^Pj t A_>j_>e_> ^_)L*Jl ( /j-*_S"IAJL oJl ^_9 85 (1)} .jj^j oiJj>oj 

J_>-1 j_& ^l^Jl £_&j j-° jjj • IPCC Lg_L&L>cJoj o y>^Jil^a <• *Co^X 5 

Aj^JI JjJLJJl ^ ^ t^jVl Jlp ItliJ ^Vl D^lllJl ji^Jl 

u-^ *y*r W-’J^j- >_ >4j- 1 oljL^i-ilj oL_^ J-UaJ <^Jl 

JJ2L9 C AjA^>- j^ 420 ^Jl ^-4-JL]| 0 j_A Ojl jP*- 

^Jl j»U ^1 p "i^J-%5" 33 _ 10 ( j-° c^Upj Igj.lJ jj^jJl 

OjL>jl oLjl ^3 <2j^1 J_*-a ^Ujjj . . 0 yyA^ aJj>c_v? oJ^-S" <• £oU4 

.3j'VjJl obuxl J_*_> UpL>JI ^_aJ jjj Ajj^tUl J^JLxJl 

100 JuS^I ^^-Lp C 0^ yg La Ij Jj>c_v^ A^jJjUl ^J>c-Jl ^li ^wO^>~ (_£ jJ>cJ 

100 jl oljjJ-iJl ( J^I (JjJJj .L^_La SJbU j ^1 osjt)0l oLwoJl 
AjMJ ^1 C L> j_>t-Jl ^li ^3 ^JjJo ( Ju9 % yi ^i_P |*-^>->cJl ^j- 0 ‘*—•'-*-^>- >3 j_US" 

t jijLoJi ^_Lp) s' ^-s^ji ^is”j-j^y aJ^l*_^ji sji^ ^.ii ^_3L*_v^i 

J5 ^ aJi ^ IJlaj .((Krakatoa) I^Jl5l J 5j c (Santorini) ^j^ULw- 

AjjJwwvJl AP^o->u^oJl wL>j-^-I J3^l ^5^ _X>tUl oU« -■^SLa y^a J-U5" 10,000 />lp 

C_4_v2JLL« ^LaJj^! A j j_>c-Jl ^UoLS"^_-JI ^Jww^jUUl jjj_J <• oJ-»J^>cJl —o-^>c_JI 

IwL^-S" Jj ( /^s oj^U/g.II A 3 U 2 JI jli (. 64,000 jj* Ja-oc^oJl 

, (1867 W ~°j~‘ j^ji ^ 
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M. J. McPhaden, «Genesis and Evolution of the 1997-98 El Nino,» Science, vol. 283 (1864) 
(1999), p. 950. 
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. 4.5 X 10 21 JiSh Jp (1867) 


468 



^3 LJLS" jj> ia^jJl (Galapagos) ^y» jJwJ Jl JlS 
^LL-jI Ip LJySJ L*-s^jos LLLaJoJl oJ_gJ jj .^j — ^3^jJl oL>cj'yi 
oL^-jJ j Ja^JjJl ^jUJl jlS^Jl J 5 U 2 J cu>J ^^Jcos (Ocean Ridge) 

I 0 L 02 JI ( 4jOS j-Lo Jj. -^oCL^ I bli ^3 AJ*js\yL* <UoljJL*»l 4_Ja_o>co3 b jLo 


^J^->cJIj djI^j>JI ^JJL ^j-bs ^$ 1 y° ( Jwplo 2 o c^LJwowP jli c ^Lo jJlSGJI 

<Co^oa C jJ>Jl oj jL*Jl ^3 ^jjJjJlj C oljlJ ^ 0j-^-s^-LoJ' jjj>c_v2Jl 

^plfJl Ja^>^Jl J^ ^LajjI Jl* c (Eruption Centers) ^JdNl jl .|JL>- 

jj>c_Jl oLos ^Jj *jl^>Jl d->Lw<>-^J ^JJL> ^ Lp 

J JL*o jJl ^j/jJ^I ( j>p jJajJl ^j^2_*_i c ^>to k ^- J>t -^l ^^jIS" j-Jl -LLjjJl 

c^LJl LsLjjL ^jUl jj>c.y2.11 co^Jl ^>c-Jl ^15 yS I jj ^ o^ jIjJI t^>c-Jl oLos 
Jjb>- <LoLwow^5sJl ojLpLLJl oJj>uj tjjj>c_v2Jl ^jJl ■^l^’j ^j-j^ j.*/3:Mj 

j^U-Jl ^Jjos ^1 y* (Leach Out) y ^>c-Jl oLos jj Lob .jj^waJl ojl^>- ( Jo J_*J 
0 <XA>j .j L>- ^Ja>^j| ^Jj b)j-*_oJl jj>c-Jl oLa JjLJoj .3 j_*_oJl j^>c -yg.l I ya 

L*o2_j ^oJ acJg-^ ^Jl ^JLjJl b JJosI ^^.Lp LJg-oo j ^bjo 0 jL>Jl b> ^_>c-Jl ^oL_Jl 

I Jj>- ojU- OolS" bj <L yJj*S j^L^os ya *b j+j* ^1 j-a t .Ja^>e^Jl c.Aya ^«a 

. (g-Lyg-o c->Lb-J->3) 4jjb O-jLS" bj y& ^b/Lo ^1 j| (*bobi>-J-^) 

oLwo ^3 3jL>cJl oL-^vj>Jlj oljUJl *\j£&\j t ojl^>cJl ^j-oLwL obi>“wLjl ^J->oj 

.^>cJl 

C—’Lw^vol Jj>-JJ ^£?J % yi 0 J-L3 ^Lljw« .Jg-*>C-^J I L—i 2 -yaJC ^0 oboaJ jj 

4>> j\-P ^j>c-Jl ^cJg-*.A» Ojl^ ^Ja-*-Jl ^Jl ^^j'yi y a <• ©jlj->c_L] 

acL^-P 3^jljJl ^>c-Jl oL^j yS' LolS"j-Jl 3jl y\ Ji jl , (1868) ^ 

OjL>- ^.yflj Ja^>co>Jl aLjj>c03 bL>c_>-! j| k»jwO>- C 4-^wvwdj aLojlp (^jl 

^^Jl o^-^-paJwoJI jy>* )l oLjo ^_P Ja-o>co>jl o-fl-yaJLL^ d^LplSwL)I • 4 '-P 

Ja_>l jj t^-£" cJ-tj j/ Loos C JmJ (J j cbl-Xj >-1 o.^I^^ jNI ^J| 

(1870)(1869)f . f - - v , | , t .. 

LaiJ *U™- ( _ s !p Jj Jaii 
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(The^S"jJ^JgjJl ^^IjJjJl ^-*woJl ol«j_l_*^s ySjj* ^]g-*_> 

US Geological Survey National Earthquake Information Center (NEIC)) 
(The oljjoJl j5. 1600 ^Lp cobiLo 

4__^_jjl_; col_Pj_^ International Earth Rotation Service (IERS) 

oj^ji *u*jSn ,jlp ^ . (1872) ^bu 

<1)1 jj.} 4_P^w*» ^3 wbljollj C Jj^jU wbl^OoJl jlj5\Jl ^ULs ^ j-w*>^ ^<LjL>LJ| 

^£jJl 1983 _ 1982 j_o_) <Jl 2o»o>- j_a ^boco*)^! (l)b5j .LJLkJ-a Ua_>ljJ t^gj^l 
‘ 1982 j»U> .^jVl oljj-5 O cr^^J <Jj^2' a-* <0^ 

coL>-j.) .)L*_>I ^1 _p £22 (_£^b$Jl <_j^o ^3 <JI^Jj 203 <~j ^*g 

jlI jjoIj .^Lp 400 0wOoJ UljJj 2 joL& <o5_La0w<>-JI co-)b5_j .bJ \11 j 
CObj>-j.) 5 j 'ul Co—O CObj>-j.) 5) 4-ol I 42Llg.2-^5l Jg. j ^_3 j_Oj (jj Jg-^j>c-4 
COLj—*ws^2 • biii^>o ^ (bi jsS* 4^>-j^ 160 bi4 j>-j^ 150j c L)^Jj>- 

Lp^-^-w*i ^251 ^plgJl Jg-^>c—oJl <_j j->^ ^3 co->t^-vgl t ^_JL_*_)I 2)^JL)I 

olj^.) ^3 jjJgLo ~^b2^ (1)15 c coLc—*- wOl]| (Jt)U>-^ . co Lj-o Lodi I 

» ^1 —1 b—wO bo~3 ' ^ y.A ^ ^ J~P ' L —1 »«»3 ' ^3 ^A«J ^ j. 0 bS" C 4^C»»»\**5^ 


iw52aO> ^oL^Jl Jg-^>c^oJl (_J^-0 ^3 jj>c^Jl ^r-]g.»A> jl^0>-l 2)15 (_£^g*-! 4^>-l2 ( ^y» 
4jli2_Oj ^3 Jg-j>c^Jl COl jLoj 4jjL>cjJl £-Ij j}\ cjJx,s5 j-& ^Jw^L^Jl I5 ^j *j 3>-I ti^U’Lp 

.|JL$5 I L)lj_5^ jJ^Lo 2)1 ,A^j\ ^0*i' , yi Jg-j>c^jl 

COL^jIj ^>3 ( ol OCOo | ^i_P o j jj>c ^a. 11 | /^a o j^y> y^\jLa ^Jjjj L> JOPj 

4_P ^-—*1 >2 >c2-)^ ^j|j_jjJl ^ ^U^_) ( ^>“1 (jbSC) ^3 jl Jg—>c—oJ I 

4_P^jljjjJl ^^2_3bjCO ( ^yj-j^l c_i_3jCC) UsJ_2Pj .L^_)l jj.) 

.LgxjjOj cl)lj_^2j| 


^->3 Us^)^\jO> ^>C-Jl 7*C-jg-^J Ojl ^J>- )j-0 J ^ ]g. ) 




j ^J>t -s/g,ll ^3 Sjl^J>cJl 45^g*- ^Jg^oj t b^ g,L>- ^^5 4C5 sJj ( (Jj^jJl 

^^ a>q ^Jl^j>- col^- 0 >^_U5 10 ^-o-p Sjl^>cJl twUJgQj .lo^g- JjLp L^j'y 

(l)j_^_) ^oL^Jl Ja—>c-oJl (_j^3 |*«3jJl ^5vJ^ c .Jg.^1 ^jo>Jl^ dLobjj^^l j j>x - > 


< http://neic.usgs.gov/neis/epic/epic.html >. (1871) 

< http://www.iers.org/iers/earth >. (1872) 

< http://www.coaps.fsu.edu/pub/JMA-SST-lndex > . (1873 ) 
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Oj.frva^Jl W 2 JI Oj-JLaJl iw^wwwJl 3j_*_> Lojj tjil 

I ^y» 4»o jJl] I 


(1874) 


*yj c ^j.^jgji ^3 jj jj ji jyy^ii ol> j-^2j $jj>-j tjjs ^s-j}\ ^j-p 

( /j_jj_^JL) 4_>jj*!)0I 4_jL>J^3j-^>cJ! ^-3jjJaJl (J iS OLJjjJl ( Jwwl_4j| 2)1 

^J6>~\ 0 I J ^->c-yg-l 1 £-fij J- 1 • ^^-Lj Lo-> Lj^5Co->^ C 4jL s £ , L*Jl 

<L_oL>- ( j-« 0 j_^_v2-LoJl Jj^c-s^Jl od-& .l^-> 4ja^J>c^>Jl OwU-vsJl JJj>r *&„]\ ^y» 

^3 J- s-ijJl ^0 J_J_aJ|j .^j^Jl Ja_i_v2Jl ld_A j~s-*-s3 £-£j->J ^ 

j .jLd-* ojIjJLs L^t - ^(cJ^jj5w> 0.4 0.3) 4»o3l>cJl 

(1876) (Superconducting Gravimeters) 4 JJLUI 

L&jljJLa ^ j.+/9,$ CjNjJ>cJj 4*w>0j-o-> ^oLo»j ^3 (jLpj j5w a 6 <L_oL>cJl 

C 0 4_wo_J3^M 4_>^>cJI olJLsJjJl J3 j .(jLpJ j $ w 3 45 

<L_oL>cJl cJIpjj5ws 2 ^0 It jL-J^s 6 4 LIxoj 4j^SC oJl 


(1877)- 


(1)1 |*-PjJl ^Lpj .^j j521l IJj>- ^L>c^j ^^>c-Jl ^>15"JaLtjJl 2)j 

4_iUaJl y^SjJ jl c 4_jj! jS-j -^>Jl 4-jUaJl ( j_>s j^LSs_> j_<_S"I 4_^w<iw»LJI 43lJaJ 1 
4U1^j2j>cJ| j jj>z ^2. ]' 4_P .jJwU tJ) I JwO ^dJl 4 _j j I ^j>- 

^IS"! jli C Jli-JuJl ^jJL^wA ^3 «LoiL>cJl ^3 0 j-£ ^ \ -oJI 

^^JL^Jl Ja_*_vaJl (^Uaj 2)| .^*JLlaJL 43*^^ j-^s-woJl 

.^3Ja-^>c^oJl £jlJ j-^j t c_i-vaILoJ ^SwjL-O ^jIj^ 5"^ c3 

j->tj (3c jLo-Ji j5”^J^>cJl jljJL&tAi Ja-x_ygJ' ^2 j1^>cJw« (^UajJl l)|j 

ll^ c ^3L^_]| ia-^>c^oJl 3 Lv 2_>1 4ja_4_j IJ-jL> ^_>c_> (j) . (Banda) IJ_>L> 
21 ^1 (Mantle) ^jS/l O-^-iJjl JJJ .iJjjLSGJl 4 -^Ijj-J|j ^lyL^S/l 
{ ^^S' ^3 ^Ja^vJl ^14J c 1-bL ^->c_} ^3 I 


H. P. Johnson [et al.], «Earthquake-Induced Changes in a Hydrothermal System on the (1874) 

Juan de Fuca Mid-Ocean Ridge,» Nature, vol. 407 (2000), pp. 174-177. 

M. D. Wood and N. E. King, «Relation between Earthquakes, Weather and Soil Tilt,» (1875) 
Science, vol. 197 (1977), pp. 154-156. 

H. Sun [et al.], «Comprehensive Comparison and Analysis of the Tidal Gravity (1876) 
Observations Obtained with Superconducting Gravimeters at Stations in China, Belgium and France,» 
Chinese Science Bulletin, vol. 44 (2008), pp. 750-755. 

R. Widmer-Schnidrig, «What Can Superconducting Graviments Contribute to Normal- (1877) 

Mode Seismology,» Bulletin of the Seismological Society of America, vol. 93 (2003), pp. 1370-1380. 
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d)l ^ jZJ*\ wiij (jLw< y ^cia-wJl ( /j>s ol yj* 7j (Weber Deep) y,j 

L 4 A la .\ .oJ1 y <4-o^L>cJl y ^Jj_> 4 _L>c .v/P ll OjL>cJl oLoJl ^-w-SsJl *w**w>Jl I 

.(jbwO (jj ^jAy2j (_£jJl) y jbwPxJl jlj^&*)U (_£ jJ>tJl Ja^-yg-Il ^-jLwwvoI ^3 y Ji 

vi^o'y _ (jj ci« , iwV^>-i ^^jlj ^^ji j&j-i d)i 


ja-*-yg-L] Ll*Jl ‘L^aj'yi ol>jJcJL ^l_>jJl jjy J-LP c_a_yglj-*Jl ^j-Ss-*2Jo 

*lJj>c^ OloJlpL<2jl jJj>rygj 1 0j_g_y2_y>Jl ^Jj^Jlj cJj^j-^1 t (^^>cJ 1 

yjjj Ja^a-t^Jl d^ljLo jjb (J^^° 1*1^ J •{£ ^4>cJl -laJw2.il ^3 o 

c ^-wygLpVl ^Ju^5s_*Ioj i ^j-v^iJaJl jj>cJl Ja_*_ygJl ( 2 ^ LyflJL] L> j c^JLl)1_> 

c^l ojlj_>cJl 4_p>- j_>j (1)J-3j .j->c_Jl c-3^-*Jl _ la^-j>c-^Jl ol jLJ l)1jj.Sj 
^^ jl y- j-^>cJl ^SwAJlII ( /^s jpL^> ^liJul o_>cjo J_i 2003 p 1-jjjjl Oj>-1jl^- 1 
jjj .4ji^ ^l*ji ^ j>\y>x]\j c ij t ^Sv-j l> j^'yi jyyj <2 j1ap»-i ^oi ^*111 

jJ^1 ^jVl <«_j — 4l^- y> cl^lJ-P-l 4_> 4_LS" J-^_JLoJl (1 )j_^j 

^Ajjlwbsj io^U-j t j^ xS\Jj olpliwUl 


,111 


Ojj* 


C J^JwwvJl c 1 Jj>- 4 _Aj 4-JL>cJl ^IjwoJl j^xj ^J^LfcJo 

4 JL 0 JI CjI j_oJl cJ->t^ ^1 £ Cj>~ j-ijjjO^sjjwL^Jl oLwU^Jl ya ii^Lo 

(JjJa_& O^wL*_>3 C-Lw 2 j L*Lp 21 olJ-p-1 4 _LwvJw^a« O-la-jj l^-Jj t <o2>L<)Jl 

C ^-_y.oJl < m JL. Ls” JaLJL) ^-0 C <^1 j_^Jl Sjl C j_^jV 1 oli_3 JJj C j Lk^'yi 

1 1982 J\ 1900 y, L-wJj llUM 40 J^- iLJl^I Z 1879 - 1 ^ JSLiu 
16j iJLiJl ^ vwooJl J-S" JjVl ®jj^-il cJ*^3>- LgO ULygo 24 cl->o>- 

^^w<>oJl JaL^jJl y~> 4j^»aJ 1 4_3^L*Jl yy- 1 ooj.^Ja-^ c 4-olxJl ojjw\Jl ^3 L^O 


( 1880 ) . 

C 


LJI 


B. Leybourne [et al.], «Tectonic Forcing Function of Climate-Revisited: Four Elements of (1878) 
Coupled Climate Evidence of an Electromagnetic Driver for Global Climate,» New Concepts in Global 
Tectonics, (2006), p. 40. 

W. Alexander, «Locally-Developed Climate Model Verified,» Water Wheel, vol. 6, no. 1 (1879) 
(2007), pp. 27-29. 

J. Francou and J. A. Rodier, «World Catalogue of Maximum Observed Floods,» (1880) 
International Association of Hydrological Series (1984). 


472 



c d_i_v 2 -Jl ^ d—*_?*- ^_>^-5_)l ^UajJl l)| 

•u^j^' <ZP^~ ^~" sr^ J -^- 5 t* 5 C=*^'j ‘■'j-f^'j <. oLk^^Jlj 

dLLo-JOJ C oL^s-cJlj ^JJLviSjJ jL> (J*^->- OlJjJj^Jl 0 J J J_) oLwoJl ^-^>Coj 

. ( 1881 c y " Jl jjj>c^aJl c 4 -^v-ojJl CoI ^jLa-o^Jl JwU o 3 >l_pj 

4_o2-flJl (jli CCj^J>cjJl o'li-U-a ( J-P ^JoljjjJl ^o 2 _*_! iJldk (1 )j5j J-i C )1 ^-P jJl 

Lsj-ip ^^J-p cy 3 ^ cy 3 ^-* ! ^ <>j> " iilcA do 15 Loojj . l^ *~.a) 

^3 L^_>c_o^ |t5 CO2 5^-^*5 ci jLw<>5j t ( /j»5lj-5l <1)15 

Ja-^i^oj d)5j c o5j5l ^3 o^<5? olJjjj5sJl ( /ys 0 j_j1^oj d>Lw<5 ^os <. ^^4>eJ 1 
dJl5j / )j_s5L>Jl ^0 li^l cj jjd oL>-j3 6 — 5 d-oJL*Jl ^Ja-wJl ojl jj>- 
d^J ^ilj^Jl diJj 4 _>^J 1 (Silicate Weathering) cJ15JlwJ 1 dj^>d)l 

. CjUJl Ad3jJl jjl (, Cv3 Lo2j1 Jj>-L> cJl dljjj^SUl c—^o jJj C C 

.*)! ^»l L^-Tp OLo>I c Usta cL^»*j do5 l» ^jVl 


( j-a o_3^^J-P *'^" * 1 01—.—o 51 t J^J>-\j ^j-o—s5j .*Ljl Ojj.5 o—>1—s^o>- 

0 d&j c ^jo^j'yi J^o-P ^Ti ( /j>j d>L*5j ^S\J v-5 

.^51 ^.lg.«5i ^Jl jl-ygj C 1—5^5Jl ^0 cJ-o^'yi oLo>Jl C oL-oJl 


joLwijjl^ )l^ C^—5"^5Jl 01—wo—31 cS"^J>- ^Jdoo C (^0-5 

J_ij .«d>-jL>cJl ^jo^j'yI C2 _LpI ^3 iiUaJlj J-5sJJ j*S*)!l cS"^>cjl ^J- : f c -^l o_3t>^jJlj 

(Transpiration) ^ d>U jJl*oj ^!l ^jL^yL j^\ oLJ ^5^51 

/ oljjjj5sJl OjjJu ^5bdo ^1 pLjJI 6jj3 (1)1 L i>j5l ytoj C dL-Jl 


S. Franck, K. Kossacki and C. Bounama, «Modelling the Global Carbon Cycle for the (1881) 

Past and Future Evolution of the Earth System,» Chemical Geology, vol. 159 (2007), pp. 305-317. 

K. Caldeira and J. F. Kasting, «The Life Span of the Biosphere Revisited,» Nature, (1882) 
vol. 360(1992), pp. 721-723. 

E. Tajika, «Carbon Cycle and Climate Change during the Cretaceous Inferred from a (1883) 
Biogeochemical Carbon Cycle Model,» Island Arc, vol. 8 (1999), pp. 292-303. 

T. Nakamori, «Global Carbonate Accumulation Rates from Cretaceous to Present and (1884) 
their Implications for the Carbon Cycle Model,» Island Arc, vol. 10 (2001), pp. 1-8. 

P. R. Ferguson and J. Veizer, «Coupling of Water and Carbon Fluxes Via the Terrestrial (1885) 
Biosphere and its Significance to the Earth’s Climate System,» Journal of Geophysical Research, vol. 112 
(2007), D24S06, doi:10.1029/2007/JD00843. 
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c ojl y >cJl <LolJ-*Jl CO 2 ^L>LjJl ^3 jJJjJ y>~\ Jwolj_P ijLLAj 

• 1 ^ L^* I t «. ■ iW.d ^ ^ A^ 

£ l^>-L>-^J| < 2 j jLp ^0 ^31 ajl-s^lJI jLp ^-a *-LoJl jLkj 1)LS" LJ 

^JJLLi Lo-^3 Li?.^J>c^oJ' ^3 «L^i yj>x^ ^JL_> iSUaJl aLjLa d^LwO-S" (jli C (^«J^Jl 

C oLwoJL AjjlJLaj .La jj>c-oj oLw<aJl L)L>j^ oL^Lo-P ^3 AiUaJl ^^>3 0 j-~r* 

I d_A 4^Ja_;l ^3 ^C—^S"t jJ><Jl *w3>L*Jl ^3 .SjJ>-^1 (_£jJi jLp CO 2 (l)li 

d^L jj^ jj^ t L^*wo~lL)l AiUaJl ii y>c-)j . W wL^Jl)) ^yUl c_3>L*Jlj ^_3*)L*Jl 

.S-UJI 5jji 

ijj* c ^LuJL ^ t wVjL*^JI ^L&i_pt)LJ Lst)Lg“ 

^_3*}L*Jl ^_3 ( ^ W J^Jl AJL_3jJl jLp j_A f-LoJl jL>t_> (jjj t *-^J>cJo ^)Jl *LoJl 
^3 43 U 2 JIj ^Jj^SUI d->l5 "^>0 -^*4 ^*/gj*yi *LJl jL>cj <. >L^jI 

^Lx>Jl i^L^vo^y L<>wALwvwoJI L)l t ^_>-jL>cJl <—3 *iA-p 

.|jj>- A3jC^ wwmJ CjLjJI L^>-jJjjJ-oIj i?Ja.3 ,»Jg.)J i cilljj y>- jJj^Jl 


^J-P LoUa_> jj ^*-Lp ^ 1831 ^Lp ^ La I ^p <Zj jjjj ^^wvJl cJl ^-o'yi ^3j 

cli_Lj ^LaI^_P L^ -o. l)LS" C oL>c_ 3 CJj-^-Jg 4_oLS"^gjl 

«oL:Ji^.il 4_5 LLow4» L^j o-JUg L^5 L^j o-JUgj (Graham Bank) 

Isola LjJLlj^ jJ N j^_>I cILUl^ l ^ ^ ^ ^l]\ (Kingdom of the Two Sicilies) 
ijy>-\ (J ji L^ju-^- j c (L’lsle Julia) J y>- lj±y>-j c (Ferdinandea) 

LSL-w-j ^ La^_p j (Hothan) ^Uj_a c(Nerita) Lo^-J oJ->J-p 

L^Jji oJlv?j t L^jLs_5LJuj ^^Jlp y \jJl j . (Corrao) jljj (Scicca) 

oLv^jLa>s «eJ-ivg ^lSLL^j Ijjdj>s_j^y L)LS 'j . Loj_5J ^—>jj>- wl)LuJ-iv2Jl 4_5LL 

.f-L^Jl e-jj-g_> Sjjjg*cJl o-sygI p t /»we^>c-oJ! .<u^a>Ls^-L>^ 


C^_>cj jLlal 8 ^jA 4SS\$ 4_lxS" (ji 1987 ^Lp ^US"4»o^gxJl o! y UaJl cudg 

.(^Lo-P^yi d-*->c_J L^Jl-o^g-L^-3 C A^w^J 4_vgl^-P doLS" C ^c-Llaai 

j_SL_Jww«j^ j~ >x ~^ ^ l£j~^~\ ®j -4 2000 ^_>!j-^- 3 /Jgks-j* ^_s tl)LS"^L a L«J-lpj 
t ^_3L5_Ljl 4-JJLvg d- , l jJl) t^_3 jJa Ja_>Lvgj I j-&j ^\“j->~ j-^j t^j^2LS"L« 
^*!)L]g| ^ ^ ^j-jl.La.>^.L1 w I) i ^w^sLJl ^ *!)Ln»LS"^ ^JjL*1o 
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I j 20 ^_Lp 2)2S"L«I^-p^-L»-S" 150 a^4L>-j a_>- 

^j>-l 0 ^LS”^-Jl ^1 t '“ > ' 4 L^^_L>j ^ jZL**> j .jj>c-Jl ^c-jg-^ 

.2001 JjJLI ^ *Ul A^>-jJJl wi_3^ .^>c-Jl ^ jZ^o 

j*S* L>c_Jo! ( j_^3 *L*_i2_9 12 ^Jl C—*Ja_i C 2002 j-y^j-> /^yllil ^j_>j_*Io cJj_L>t_>j 

_) ^5” ^ ^ ^ -s «,.•*. ,1 ^ ^ ^ -1 1^ J .&.- l <-^—) t -.. ^ L J_> A-*Ow^9 0 -N|/^ 11 0 ^ -*^2 

(Jl aLLpj 2)j-'-'-vojjjJl 3 IS" »2iJ^ *• a-^o2_p j_>- <2JJjl<>J ^ L^_jj L>5” c aS” 

^3 o j-J La_»^/1 j t L>Lp 170 (J^-3 L jj>- L^_^-wvo LJ-*_> 2)1 2 )jjjj-> 

oJ_>cjo ^-^aiL_^ jl^3 ^1 2)1 ^lLLL ^L&l j_p)) ^/?j! cj j ^Jg' .L^J y>- (J1j»^- 

y> c-Jl ^t .A>c-L ;j ^Aj jj A^voLJl 2)U t aJ ^ ^JLJl 

. ( /ysjJl e-Jj JJ^3 C-J-*3 Ls Oli>-2woJl j^aSjj (. ySA>Z uj 

• 2)2wvo^/l jj^P ( /^s yt^i ^JslpI A^^JaJl oljj^-wvJl (_£j3 2)} 
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jjLutiD (Juadi) 
— gJl 


. <jl J^\ c^Lw*»Lj 3 • (Jljp-** 

.V :yl^jJI 

<yyy^ * ^jp-** 

.V :yl^JI 

^ »!lJ 1 J^L%m>*J) j^cJl C0 2 J! j! Jjfe : JI 3 *- 

. ’. tw^l^>cJl 

^ {£ y ~*+* y^ ^£^>cJl C 0 2 —)l <^*>yj3j ; <JI y*n 

.V :yl^>JI 

^*L>^$Jl AaAj^> c-Jl ejl^Jb& ! <Jljp*» 

.V iyl^Jl 

?^LJI ^^^xJl yjy • cJljp-** 

. jt-*J ! tw-^lj^cJl 

*. 3^_v2jo *l£j^^xLjl^-VI jl ^jl^sjJI j-i I *Lo-^il ^ULl& 

Sjl J >cJl (Jjl^” f '^ 2 -^ jl ^>-l>“j {£ J-'f 6 '^ 

4 JLI 2 JI Oji^L*-ji^/lj t l JJLjlj t jJ>c-jJl /^Q 4_-^iljJLa (_£jJ ^lUU-Aj 

• iij^Jl ^-S*>UJI 


All 



y yj^ ‘w-o y L^Jj c jU>cjI Lgoj t 4 lL?L>- <L>tjjbJl j^a yay )1 oL-*>LJi L)j 

4P <1?L—o ^A Lo-4 C 4-Aj Jb 4j L iw^S"^S\Jl ^cJg-*.A» 3jl^y>- ^Jdo-> ^ t_5^ ^ ^3 -\J 1 

(J-LoJL) 1 Ij d-*->cJ £-JL> C 4_—jl_Jl ^r,]g„.>A» ^J_>s <4^>-1 Ojl^_>tJ 4_3 yiS^A O’L-^Ld yA 

yy ^J L^o *LLv 2 j>o-—<>J l oULJl opjj <l)jj *®j-^koJl o—>LJl oNLo-*C—*<1j 
oL>-Illo 1 ^Jj tJjJJ L^sl-L>col ySLty 'y JLJLj <. C—>c-Jl olJLo ^ jd—« 
. (—S' ^SLU 4j j I jg*cJ 1 L*>- ^J ^-'-'f c J I J 1 ^L-o-U 4—LjiO—<>J I 0 > La L>cj ^ I y& 

c 433 y.S\ 4j jl y>- olJLo J-JgLL j ( JJl y*u yA o3 j_>-Lo oL»>U ^Ia_*Jj I-La 
Ojl j_>cJl CL l +J3»j yJL) CL Ja P1 -LaJ jL-' 1]Lla 4_5L> L^_Lj *L3j 

Ojl y>- 4j>-j3 £_9 jjJ ^aS\j Lo-j 4033 P 4^Lp ^1 -Lj CLLaL> e_) 1 ^Laj-*a^jjL j 4—oUL oJI 

. Oj j5 

(_£j_>tj LoOo C (1)j_>j-5LJl jl-^L>a 800 ^_1_P j_>cJl (—3^\_*Jl c_> 

65,000,000 ^1p ^Ja.—11 j jj>c-s^ ^ y>x->j c 4La ^Ja jL-La 39,000 ^Lp cLLia»->c-<>Jl 
^j*>U dLw^Jl (Crust) o^JLlSl j (Mantle) oj>J| jjJ^a ^j .^ia jLLa 

^y*s^A ya 4LoJ| ^3 0.001 JgJLs (_£jaxJl (jjjj^Jl ^JOxjj .(jjJ^^Jl L/ 0 “^3^ 

.^ *-_3tA^lj c oCp-cJIj c oLL^^Jij LUJl o ^3 <ij\jyj!>S\ 

a\ ^3 4—L^Jl 4d-o-S' Cy* ^l£ y^3 

(_ 5 CO 2 18 J 3 LLL c j>Lp <_^3j .jL*_^ jl>^>3 

.ol j-L-*> 5 4 (_£^3*!)LiJl ^3 y*}\ ^XLoJl CO 2 yLoj c oUa^j>c-<>Jlj 

CO2 (Sources and Sinks of J j j3U^ y* \jJS IPCC cl-LaL^xJ jJj 

.of, i-v-dLo L^Jl^LdU-l 0*1>&3 . CO 2 ) 

jJls* ^.LJl ^iJ! ^3 <40jl i3l_LA L)1 ^oLljjLlJI CO 2 0 L- 0 L 3 o >j ^Jg 1 
0 ! jl>-a j—iSC ^J-pl (_£0*!)\>LJl ^3 CO 2 jl>m L^-3 l)LS" t ^j_>1J 

^_a_-5o 4Ljj_>cJ 1 oL-UJl ^^<w2j jl o-cj jLJ 1 CO 2 0 L 0 L 3 Jfi_>jj 
oL-UJl ^-Jg-x^a l)|j .jj>cJl l y CO 2 —LJ -LaV1 4_Lj y& oLAL> t j'yi ^lool 

1-blyJ C Lw oLaL>cJ 1 4>c->c.^-oJl 4 jL-*>Lv 3 Oj-g-l 3 ! (1/^*“ (_ 5 ^ 4-s^?ji^a 4L>-L>cJl 

d)l 4^>—*i ^>yi o , LAL>o s yi co Li j .3 ^->-^1 L«Lp 50 -Jl (J^L>- ^j-^LioJl ^5" jj ^3 

>■—ly2X ll ^3 C ^ j-w>Jl j-OJl ^^3 ^ jJ>Jl 0*!>\-LJ1 4_P^^-kJ-J CO 2 

.4» w 3 j j'yi sj5DJ ^UjJI 

L-AjJ g—>—>jl^ c 4_3 _jL——J l <c_Oj % yi ^.3 L_p j-O ^_L-5"1 v^L-p'yi o-jL_S" 
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0 J I J C 1 L^«Srij ' C l—^\—L^—Ow^ J ^_) l.^\_*«»ij I 3 >-\_P <■ ^ L^3 ' *\j 

^j«a Jj^oJl ^lil (jLwvo^fl L)^ .kJk 1 wLj1^>3 Ij^-w^LpVI <JLjJ<->^j j .^>c-Jl ^k^> 

.^W^lp^l La y JwU ^gSJ ^Jj>-Ij-*Jl (^y* 11 j-JL ^^Jl 

jj\ ya j>j_*kJJ La ^_PjJl ^^JlP C ^LwoJl ^^Lo-j ^3 j»j-w*Jl Jk-*U ^J J I J_A 
^L^-J^^fl 4-k.k y ^^LvvwoJl 4.yg_&>c-La ^jkJl (3^*^ jL^l |*Jo j*Jj .^LwoJi ^3 jjL 

jbfcjJl y~A ^S' j^\ ^_1_P L IPCC L^_}JwaJLp| ^jJl ^IjwaJl ^iLo-j ^_S ^y j_SLll 

olS" y> c-a L)jJLj jJ ^j-kJlj Loj^Jl 4_*_Ja*yij ^j-vwo-aiJI L)l ( j-k> ^.^Jl 

(^jl>' c r’ L r^ f| ) ^ jJI / 

jl La y 2 J>c-Si y* i»_kkl .4jL3jJl y\ j-A La ^L*_> iLa jLS" jj 

<L»jJ (1) y£-> ^ jl lwL>- (JLoJLp*-! iiLwA .4JL^9jJl y I ^Jwo-P 4—Jl*S jJJ 

SajL2s>- AljjJl y\ yts Loi . 0 J& 

(Greenhouse ^^-L^-jJl c~~Jl ^jI jl «iLJoJl ^$1)) g_lk ^ .a JLo^jl^I jl 
oU-Lw<Jl ^3 4_v^L>tj t ^jjJl j-o-j oLjJ iLL^sjJli .j»Lj Lk_>- Effect) 

^JkJ ‘kwvwO ^Jl *uLo-*Jl ^Aj t ( JwO->cjL >\j^y\ £+* ^y>-L>“JJl C—kl jj 3j .o3jUl 

iJLwA ^j-vwJ .*-Lo->sjJl ^j-a oULjJl ^y^J>yj (. y>n Jl ikjLiJl ^3 Ojl^_>sJl 

.ill-LA . 4 JL 9 I 3 ^y^U-jJl O-^Jl ^ ojlj->Jl 4 '^>-j^ 

(. Ls LlLiJ 1 <^5 LjL^i t)LJ I *L_kp'yi ^Jw<>-^LvvO ^cJ| 4_sL^?^/Lk (. gL>-jl! 4j^>c-^a Lyg.P- 

L)i (_5^ > ~ GO 2 ^-yg-> Lv 2_>I i y>yj .4jL^3jJl ^3 o3wL*jl^JI c^L)^SDl^ 

jLkJl ^-1 j^JL Lali CO 2 Jl ^ >c - xs ^JL^s^l 4l^3jJ| ^3 f-lJ-^-U 

L)| Lo-S" .4j^La 4 j>-j^ 15 ^r-k.*.a Ojl y>- .k.^aj^Ca ^j^j^l ^r-k.-.-v, 1 L)j 

CO 2 Jl L)jJk j- ; fJl ^J*l)LiJl .c.->L>-j^ 10 jJ>cJo I 33 I A-ol jJ^Vl ji^LwJl 

16.5 14) «4^>j>Jl cu>o 4_j«»j>^>L! j^Jl JjJ=aJl c^Lkj ^3 4ilkJJ 'yL*^ LLj 

Xa'yi U-A ^3 J^Jl Jl >VI j ;> Jl .(L J j5w3 

3jJ>-J-^Jl CO 2 iiLwA ^j^J j*J 1^1^ .A^Jl ^3 15 4-^vJa 4^pl^«Ji^yi aJL^jJI 

Ja_*^jJLa Jj_5L^aj ^jVl OjljJ>- J_>J^>J| *^_3 y-~-2> <• {£ jJ>Jl c_3>LiJl ^3 

CO 2 Jl ^3 4kL*_9 L)| . jA+0 JI Aj j-^-a CP L>-j3 3 _ ^Ja-wJl Ojl y>- 
g-^g-k^o J_A CO 2 Jl 4-L*-4 j La ^Jkj . (_£J-^fJl ^J*!)LiJl ^g3 CO 2 Jl jlwikoJ 4 ^aiL^>- 
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. Jj_*Jl U5 t £t3 y ojl^J>Jl j_>Jl C0 2 Jl ^j-v^J>o .OjljJ>cJl (jljJLd 

c760 ppmv ^Jl 380 ppmv y Jl^Jl <£ j->Jl C0 2 Jl <jy^ 3 cJ-pLiu 131j 

^3 S^LjJl Oj^sjj .ojlj->Jl 4 j>-j.}j ^Jx-aa^I (l)jlj-> ^3 ^jI Jl»LA d)j-SJ-w—3 

.4jj15J IJaj . 4_L>J^>c^3 4jjJJs 4j>-j 3 0.5 _> J j-^Jl ojl y- 4j>-j3 


olS"j^>c^ UJ ^L^l C0 2 Jl jUI t diJi 

y& o-A_oJL*^w£ 4^<>wJa_P Jjlj-S JLja (1)j_^JL-aij c^^gj'yi jlj-^sj c ^-^o-jJl ^JJJs {£ j-^J 


__>Llg.p- jU c *>JJ^ £L*Jl 

cu>L j^> j-ajjJI 


jl %*i oLJ)/l 3ljl lili .^jL^uJl £jjJl j-J 
«-2»- Jj^Jl 4J3J.JI ^Uaj ^JwjLo-j *)J ^-LjoJl 

. 4j jJJg-<Jl ojl^>Jl 


d)l j-ij-A -Jl J*J->- y° -L^-j^oJl ^j_v2_j d)l JjVl IPCC y yj JjL>- J-lJ 
J^L^-j lJ_Aj .f-Lv2_aJl aJLLlII y* ^_j jJl* J^lj 240 
L jA yg, 11 CJ_>s_j 4j j_l>3 *L>-j3 19 ^J-jUL> ^jVI ojl y- <Zj L>-j 3 |jlwL^?| 

(_Jj_3 4_>j_L>s *L_>-j 3 15+ j—A ^j^gj^l ^r-ig «a* Ojl^J>- *Lj>-j 3 J. ^jJL>s (l)j_^_> Lo^3 
*jyj ^Jl ^Ja >a> f J: jJ • IPCC JjJL> ^_> / ^jJ-^aJl 

^la«*> y- j-<Jl JbjjJg y'yr * 5* jl c 4 JL 33 oIjLp 

.^yt-jJaJl 4)L3 jJl yL 5Ja*Jl oJ-A (JU3 yj . y^yi I 

.jg.ll>o ^ oLflJg ^jj>c_> jg>Jl t *-JtJ*Jl (1)1 y-*-i J-&J .^3?li>- j ***~J3. Jl (1)| 

4j|3 Jj>u pIj-^JU ^ f-Ug-i-S" jl JjL*5 4jL^3jJl ol jLp N C cliJ^ ^^-1} 4_9L^a| 

OjllLo^ Jjlj_P ^-Aj C ^>6-^VIJ ( yj>-J ^jJLjJl ^Jl 4j|jlpj (. yj>~ JjLp 

C ^J^sjl (—3I 4j-x>-P ^J-«J ^J^-«^jJ| (1)1 j-^ «6jlj^Jl 

jJgJl C ^J^^l ^J*D^-ll ^ C0 2 ya Ajj-yg-ll ^oL&xJJ y\ JljwA ^j^Jj 

•*lj*Sl u? J>J' ysj^>- y& 


.AiijJi ;v 


jj 2 I y y -1 0 ^>3 


IPCC c^Ji U 


J 


4_ygJL-Q-J 


O Ja-^>C-^Jl J JwvoLJl 0 J J-yg-J (^JJ| (5jl jJ>J| ^L^)/l ( /j-^3 I J-^-5" (1)1 
4 ^ 0 —All U-Aj .^jVl ^^Jl 4 _pL*_Jw>| 3L^_jJ (. ^j-^*Jl diJ^ t y Lo-j (. ^Jj>j| t^_3*Jjj| 

.LJjJI 




.olj(» j\~S 5 aJoL*» (1886) 
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J^SJ) Ual j 390 LajIjJL* 4_£li? y^j^l ^Ja am <1)1 IPCC J jJu 

^SJ Ual_j 324 ^_a ^f-]g„*Ai ^Jl L^_pL*_jU 4_9lJaJl 2)J? t ^y 




iVl 


Ur* ^ 


I (1 )Ij_aa] <^JlS IPCC jj^ju *)!j .U j-oj>cJI c 

2)1 (_£J- : f , Jl ^-3>U*Jl ^Jl £->y j^La ^JuSJ) Li?lj 66 j|jJLo_i £-1 y-> 

.^1 y\ iillA 2)j^J (1)1 Aj ^3 Jj 23 Uli .Lu jS 

^_>tiJl 3 y~ <1)1 c 1896 j>Lp (Svante Arrhenius) y yy&j\ cuJli— JU 
£-1 ^<>j>cJl d—>cJ CO 2 —ll y^3^2SLa\ i)\j C ^^J>cJl CO 2 —ll ^y Iwbljj ^cJLXj 

L5"jwL« o^~i *J ^-j^ajI <1)1 -S"j_5\_U ^j_>&Jl <— 3^U*Jl ^_9wL> <1)1 ( Vj_5s^-j 

r Jj <. JaJLs <4^oj>cJl C-*j>cj A^ji'yi jZs\ L«jj S' 4_*^UaJl y 2) yj ^Jl ojjjJ 
*uLo»p (1 )| .^Jl*j>JI (jj ^Ja ^y j->Jl c_3*5^*Jl y *1 j-^Jlj Sjl^>cJl <5" y3 

-ix« 43jl_5 jj>Jl cJ*>\jJl I £tia-» ^j>= 5jljJ>Jl JJL 

jULJl ^^>cj ^ y-*^ l- 0 (1)1 ^ .^oLaJI L> ^/?j*yi ^cJa.^Ai liwL> 

oljli- l$- s/2-L.qJ) ^ y3\ 4_>-j-^Jl i _5~ A J ^ © j-wai 4_>-j.5 j_A ^/jj'yi 

^j>-l d4jLp^ oLlwoJI^ C02^ c s-L^Jl jUu o-w«jj .*ll^3wAJ1 


4-yaJLowoJl 0 U- j_oJl Jl J-^l <1)1 • J jU?l 4j>- y ya 4_£ Ua ^/?JLoJ L-g—J L 3 

0-a*e_j) <lL$' 4_>-j-oJl ( J^-»j-ia ^Lx-^y 1 *>\_3 I J_a- <l a^J? $yS f y 2)j-^-j 

( /^P 1 J—*_) 4x_*^w<Jl 4 JU 2 JI oL>-j>s bwol^j 0j_A 4j>-^-<Jl J jb yWayj L (<^l 

oJ-A 2)U-^»Jl^ C0 2 j t ^Ujl jU>cj ySJLou j . { ^y y )U jL>Jl ^Ja-wJl 

^ j_>cJl *^_3 >UiJl ^Jl jJL3 L^-Lfl j-^_52Jl L^_l5vJj l \y&J> 4_ilUaJl 

ya Iwb^o £-1 y^i *)!I Jai>- ^y Ua-^ y-*J o^-^-Jl (^jiaU^Jl £-yj 1J-A .^-LvajJlj 

^lp JaLia>JJj pU^II ^Jl £-1 j^>j>J| <2sJ>*a ^iUaJl 

^y J-*_)I ^_y\ ^-*j! jJV\ (^iaU^Jl yo 43 UaJ 1 1 ^*U>cj c <3UaJl 2)jl 

.£•1 y~*^ 1 Ja3>- 


J-^hj ^ 

dJUa^>c-^J 1 ^cJa-^» ^j-^s £-U>Jl 
1J-A £-Ujl jUu £-Ujl 



^3wL> .2)Ul>jUt (jU-J-^-^ iil^-A 

-o 2)LS” UJ,j .<LolUa^>c_xJ I 

4jiljJl oUa^^Jl ?t la „m 2)U c ojl y- i^JJaJo 


H. Riehl and J. S. Malkus, «On the Heat Balance in the Equatorial Trough Zone,» (1887) 
Geophysics, vol. 6 (1958), pp. 503-538. 
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Sjl cJl y) .(_5 <-3*lA-*Jl (<Oj15sJ| 4jj1 j>- ^a) 

^_3*>\_*_U o33L>c_>j 4JL2j? ^3 (1)^1 <_£j^>cJl ^_3>C*-ll C_$"H ' y-A ^-4-)woJl 

f-\ c^>cJ ^4_*_jxl jwLaj L«j_lp <loLiJ! *l^L^-*J1j j_>cJl 

<_3 tiA-i-J I ^jA 4_i QaJl .^_£ jl*J| jJ>cJl ^_3*5^-*Jl ^3 4jU3w\Jl oljl-p yA g-Lyg-JiJl 

^1 ^XjI ij_A .Sjly*Jl Lo-^_> 4j>~ j-^j tJJ-*~o-> ^^L*Jl c5j- 5 ^! 

.(_£jJ^xJl j->cJl ^_3>^-*-^l 



O^JJlj ^^jVl ^Ja^» ^3 6 j**/a,a ]I 4>-^il iL^JaJl 4>-^11 k_^L~Jl ! 43 ^Jb^tJ! 

. Jjl yA jl jw 


(. |j-J>- ^jLp £-1j_$Jl (1)15* LoJj t 4 jj 1C—ws^J (_£jJ>cJl c_3*>\^Jl ^3 ^iUaJl (jj 
^i_P JaLu>cJJ oJ_^>-jJl ‘uL^JaJlj j_>Jl J*>\_>■ ^o 4_iUaJl ^jJ«3 

( J^-j>c_JLj ( JwJjjJ1 ^_a (_£j_l—*_Jlj ^_LjL-wbJl ^j_>cJl ^_3>C*_Jl 4JLkJl d)jl j-j 
ojl^>Jl j tolii oJ»p L £j->Jl ^i*>CJJ jl .(Convection) 

LsilS" (j^^J (jl Ojl jJ>cJl 4j>-j^ ^^Ll>cjl (J_L*~oJ 


( 1888 ) 


^Lijj'y 1 ^a 


4i*-ji 6.5 (1888) 
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4 I 3 LJI ^ j^*Jl ^ LL^L-vJ o^L>c_^Jl g-lj_^Jl oLLJa ^_4 jj->j .*1 j-gJl oLLJa ^LajjL 
^*j_oij .4d»l_S" LiLk ^Jl O-aLSCl ojl^J>cJlj ojlj_>cJl Ij_& (Jj_>t_>j .dLlyo^l 
4-oIj^Jl oljLdJl ( /jP I Jw_*_) 'VjJj 4 SU 2 JI ^jj>Ll ci*Ai2J 4 -oI jJa-o^^l olS”^>«Jl 

Ojl j_>cJl 4_JwO_*Jl 0 j_A ^J JO J .Ojl O-dLSDl 4 iLk.ll J JO>COJ C 0 J-P l -yg.l I 

.^LL-Jl ^j^>cJl 0*A*Jl (34oljO^I JjJaL-oJl ^jA 4osl$Jl Ojl J^i\j 

(HjO, CO 2 t (jLCoil ^_Lp) 4Jd3wlJl d»> I jLp d-> Low^-vO^- ^/2JLoo IoSwLLP 

I-L& o^woj .g-lj^JJ (ijlj-^* - ^Lwvol ^Jl L^oLk 3j_>cjo c g-lj-oo>cJl 0 ->cj L^-ji'^l 

3 j^>ijoj .4SikJij g-i j^jj ^jlji ^jjjJi o^LpIj 1 v ai-'yi u^vi g-i j-^jj *ajl 

^j-vwJj ( 4 JC 0 JI ^3 67) ( JJLJL ^JoL-vJl ^ jj>cJl oi*)L*Jl ^3 ojl jj >cJl ^koco 

LaJdP . ( 4 X 0 JI ^3 25) ^Ul Lkot-O g-LoJJ i._LLSo (k.4 3 4XoJl ^3 8) £4-*o^/L 

jjLS'Vl 5 ^1 *1 J-$Jl L I ^o2jJ C ^ JwoJo C g-l j_gJl ^j^t-wsO 

13.5^1 g-lj-gJl 3^-oj c^JuLJl ^jj>cJl o*Ai-L) LL*Jl oLa-JaJl ^joj LiLLS" 

g-l j_^Jl ^JJL ^Lp o^A^doJl L^UJI qA j»lkjl I-L& ( Jo>^jj .Uili^ol jZS^l 0 L 4 ia.ll 

k-wJl ^j-^ 5 Jd-a 

l*J>Nl 


J-* j-jl 5 J-^-! Jl jjUxJLjj t j_oJL^<Jl £_ 

l. J? I ^J»p IPCC J~9 I ^olgjjl j j) - : Lla 


(1889) 


(1890)„ 


t L 


ojlja>*cJl 4^>-j^ ^oa ^jix-jJ I ^1 -^IjJ 

d—>i L*wJjIS" L^-LjISL 4-^-voodJl L*-JjVI ^ado-j LsJdP jjlj^j ^LoJl ^Lkj L)} 

4jjo j-ko 4JojL^J| LiLkJl ^-jj jJj ojl ^J>cJl (Jd-*o3 ( Ju4doj g-1 -si. 411 ^ju^3 ( jos g-l j-^ 5 * - 

LlJjJI ^$L jljjdll Uufc o .^^JlSLJI ^U-J.^/1 jlJiio (Conviction) J^->Jl 
^jjt j jL5"l (Lj jJLa 4^>-j^ 15 + ) ^oitAiJl ojlj^*- 4^>-j^ Ja-^ijla (L)jiL LjJ_LP 
wio j-O J-& 403jJl ol jLp jj^> l)| . ( 4j jO 4>-j^ 19) ^j^aj^l ^r.la Ojl jp*- 

( j_5Coo ^J . ^ ^g-l-si.4„il ^Jl LiUaJl ^L*_d»| LUo J*AJ>- (Z j_>cJl oiMJJl 
l-X^o ^ jiJ L)l I j ( jO>-j ^ddJl 0*AiJl ^3 5JL5LJI oljUJJ 

t 4 jL^4j>cJ| ^3 .ollJLo L)l C g-LoJl jL>c_> t ^LJl JjLJI jliJJ ^jiLooj .^Jo>-*Jl 


Hadley Cells (1889) 

I. M. Held and B. J. Sodon, «Robust Responses of the Hydrological Cycle to Global (1890) 
Warming ,» Energy and Environment, vol. 18 (2006), pp. 951-983. 

G. V. Chilingar, L. F. Khilyuk and O. G.Sorokhtin, «Cooling of Atmosphere Due to CO 2 (1891) 
Emission,» Energy Sources, vol. 30 (2008), pp. 1-9. 
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djljLp y\ yo AJLoJl ^_3 98 y* t ^«yj jJl AJL^9w\Jl jl_P ^LoJl l)| 

w\jLwvJI ^jLi-U *)} . (_£ 4 '-^ > ~lj y& ^L^Jl jL>cj ^ i ^->=-4 ajLs3*aJI 

^J»*-3 ^j>cJl ^ <jl^w<>Jlj CO 2 jLj^ t ciD-S ^J**-Aj Oi c^JLJl 

jl ye ****1 ^J-P w\J j_j c ^^wo-JaJI ^Ja-wJl jl^X j>-I ^>3 U^J^j t .cliJ^ 

( /j>s C *Lol^3 A^?L>xjj i A 3 U 2 JI ya 0 oL^S" ^JojJ>oj ( JJL 

cjljJLdJl d)| .^w-LlJLI' j ^J_UJ| ^j_>cJl <-3*>L*Jl ^Jl ^Ja_*^Jl 

a^pL*-J>^M 0 j_aJlj ^_j^oJl Jj?Ij 107 y* jJlS"! ^jj>tJl 

ol jIp C—*-o .£_> J&\j 4 JaJLs ^JL>cJl (_£^>cJl CO 2 AjLpLv2^3 

•I y*A>- C-*J>cJ 4_*-j>l ^^^j>cJl <»_3^*Jl ^3 AJLv3jJl 

UJl a^J^ oVj 




ob-j3 


Lo-S c (14-16.5|i) A^>-^oJl 




;l J-v^ L> 


^j-^*J|j aju$jJ| ol jLp oU c ^jj>cJl <—3*}^*Jl J aSII? c.AvflJ 


aJJ ^W2 J J ui 


. 4j j-ip .L«Lo-> AiUaJl ^LL 




A3 It 


.(^yrLp-jJl c~Jl oIjIp) AiijJl oljLp ^^Jlp 



O^LgJLwJ . 1 A^-«_3 jJl oljlp 4 _wwvJ j_^JaJ (AX^-33) Aj^J>- A-w>-L>- j O^-s_j OljLp ! 44 
oil! jL>sj A*_*~- ^^44 ^3 aLj3JL)I y\ yo A^ll ^3 98 ycj jlj .AjjJ^ij oU?LtJ 

.(j JpLSjJI oj-Wa-o CO 2 -i ^jZ\ ySy yo J-JuJ!j 


C—>cj 4 _*_Ji>Vl cl->L*wol y2A >ilj (_£<— 3 >^-iJl ^j-9 CO2 J-^^ 3 j-J l)} 

^ yj>^\ C—><J A^»Ji'yi oliUaj jj-o-s ^ 5 ^y>-jL>iJl g-L/?^ll j^>cj <4 

jUI oS^j .^Ja^Jl JjUl wbl^loJl CO2 ^iji C CO2 Ji 
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^ISGI oIjJLs ^3 ol Aj U^lj . ijJlx* Jl Lg-yfl-X_) £-L*Jj J_>0 jJwwoJj 

J^UL-*! Ij_>^>j pLv2_aJI jj>o wLj!jjloJ 1 j_aj>c_jj c^Jw<*j>cJI d)ljj3 j-^*~^-i 

J_^ ii-Jj? ^ iiLkJl ^ t (Convictive Overturning) 

Jo^jj (. ^LLwvJl (_£wbl^LoJl ( JwoJ>cJl J^ljL>4 ulA >cjj .^_£jj>cJl ^_3>^*Ji 
t pLoJI jL>c_> oLiUaj ^jjo g-Lyg-A.) 1 *1 C—>cJ 4_^ji'yi oUU-ol 

. CO 2 O’liUaj ^j/?« 6 >0 ^P !-Lft 



Sj!jJ-lj j*^il Jbj^J? I JuLij oliL^I ! 45 J^-*Li! 

.iuisai 


*A_LP ^y2S~ou ^>-1^4-*-^^! -L)^J>tJl CO 2 3^” J~* ^1 

JoljjJl t. _3.4_3Ug.lI (jjl j-^-i 

d)l-Lil3 wL>^_> lw^w« ^r-)g *a» Ojl^ j>- 4^>-j3 ^>4jJl 

jj>c-J ^j-o ciiJj-S"j .LLJl o33L>t^>Jl ^U2-JaJl ^s ^jl^>cJl J^LjJl 43 U 2 JI 

Oj! j2*- 4j>-j3 AlP <4^_g_)l ^1 ^PjJl^J t 4L«l_^Jl 43 U 2 JI 

^1 ^pL oJ^o t jU^S" pLoJI ^-440 ^Jw^->c_> d)l jA-<£2 .Jl 15 

43^ .jUc^S” f-LoJl ^j>s 14^P 40 ( JwoJ>cj (1)1 35 Ojl jZ>- 4j>-j 3 AlP 4j_^Jl 

CO 2 jl^>4 <oL>jJ libwA ^JLo j^IjJI 4j^Jl ^ f-LJl jL>o d)lS lij j-& 

jLi_S" f-LoJl jL>c_> (1)1-3 (,<ZjSj> c_> . 4_P ^jVI 4 J! j»l 

.AdllaJl ^y* 0 J~6 oLoi^J f-LoJl j >^0 J^<w2^j j t 4 Ls33 
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0 ^-A 4_sLlaJl 01JJLs ctatao taj 4_3Lig Oji j-> iiLUft J 

, ^JL>sJl CO 2 y->^ v_ g-g-Lyg-J tajj .*->-1CO 2 

Lj iJl-LA 4 JI . Aj^-''-' 4 0.3 Ojl_\JLa ^IjIjjIj ^r-]g-«,^ll Ojl^J>- 

0.5 ^ ojl j^x .Jl *l>-j.5 ^Uj jl 0 j_Ss^^9 c *LJl jUu ^0 j]\ 4_>jJcJl 

c^J i*Jttl <2 jL*_JI Li^l ^k~Jl Ojl jS>- |j_A .4_jjj-o *l^“j3 

cJj-*^j . CO 2 CjliUaJ ^3 ^/g.a>tl!l i_r^i4JJ.>j t <4 ./gall f\ *\ j_oj>J| 

(i-l./gaJl ^g>cj lwL>l^^s IpI*-jM c ^Jw<>j>cJl JgULw*>l aXsIwUI ojljgrJl 4 j>-j^ y&p*xj 

jUu dgliUaj ^Jl g-LyfljS.)' ^ta-J^^/l IJ-A wLoJ>cJ c_3 .*Ul jl>cJ d-’liUaj ^3 
4_ilia_U wLjI^JLoJI jS>x-*sS Lj ojl^ j>- <U>~j.5 -LwuJjj c AjI^JLoJI CO 2 jU I f-LyJ I 

. ^»T.lg.■»,<*>,! 1 ^^J»P ALal^Jl 

^*J t lA*_yg 25 —) ^ j-Jl j-a ta ^1 -p ^ y iS CO 2 y -ta y 2)lS" L aJss* 
oLw« iiLwft ^-J tali t^c-j^UL^I JgUL)) jl ^_>-L>-jJl C—wJl SJ-&Q 2 J jj\ iiljwA 

.^Jw**Jl djljtata *ta>J ^^>-L>-jJl d^-wJJ y I j -^2 taJ t yPj*)! ^ip 

® y-*j j-iJta J jl^ ju>-I ^^J-p IPCC —U 4_L^sjJl cijIjLp ^oL<kj c2ta_oJL2J 

^Jl 42L^3.5 ol jUJ j_JLJ l oliLyg^/ A>c-JC_S" W y\ jJLwvJl^ ojj.5 ^3 ol j^xJj 
y)\^3 ya (jljjjJl jl JJLa ^oLJLl oJ-^>cJl 4 jL> jJaJl (l)|j • (_£^_3 


^oJl ^0 ^/2_3 IjJo jV t j*JL*a jj\ j^y I ^-1 J J ^' 

(olJlLoJl) olJ jJUI oUli j^Jj / j->Jl t^_3*!>ljJl ^3 4_L^0jJ| oljLiJ 
• j**&*^.a 0^ A^ygi—<> 31 j^j* y^y i y1 ^y^*y i j 


S. Solomon [et al.] eds., «Climate Change 2007,» in: The Physical Science Basis- (1892) 
Contribution of Working Group 1 to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change (Cambridge, MA: Cambridge University Press, 2007). 

S. Li and D. W. Waugh, «Sensitivity of Mean Age and Long-Lived Tracers to Transport (1893) 
Parameters in a Two-Dimensional Model,» Journal of Geophysical Research, vol. 104 (1999), pp. 30559- 
30569. 

D. W. Waugh and T. M.Hall, «Age of Stratospheric Air: Theory, Observations and (1894) 
Models,» Reviews in Geophysics, vol. 40 (2002), pp. 1-10. 

J. Austin and F. Li, «On the Relationship between the Strength of the Brewer-Dobson (1895) 
Circulation and the Age of Stratospheric Air,» Geophysical Research Letters, vol. 33 (2006), L17807. 

A. Engel [et al.], «Age of Stratospheric Air Unchanged within Uncertainties Over the Past (1896) 

30 Years ,» Nature Geoscience, vol. 2 (2009), pp. 28-31. 
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C0 2 j^JI j\ I jiry IPCC yj~<SU oUi^- £,J : 46 jSJJ\ 

jjj jjJl y\ jJLmJ! ^3 Ja.*-yaJl j *•! Jail <UlJ^ 

. (oJjl^la 31 Ol>-j3 j^Ua) L>^>" Lj$I \j\ C***3 jZ ^oUJl 

^iMJjl jVl 100 ppmv Jl ^ £_5_> C0 2 —U ^ L pS 1 1 ^JS/I jl 

<CL*_J^oJI *\j-^> Ll C—>cj j t ^S" l*L& wL*_> j . (_£ j_>cJ I 

cli-JLlJ ^^>L^*iI iil-LA .j*jL*j* jj \Jl ^3 <La»*_*ijJl C0 2 ^L*-dM g-L/a-L 1 

L^oLJJ ^-v^LrJl L^Jg-^j 4_jjl j>- <^>-j3 ^LpI Jj>- Lo^ 3 ^^aj'yi d)i ^3 

ojij }o*j>z^}\j 

£>“l jjl £-1 ^OJ>cJl d-'->cJ 

.joLLJlJ c L^lilj cjL>-jJlj c 4jL3jJl oIjIpj c J^JJaJwoJl 

jjj .*1d-*j>cj otfU-Jj c^Jwwv^jjJL ^)g«*» 3 j_oj 

~w*2»- ^jVl Sjl j>- j^xss^j c Lo^JL jboli ^xil^ I 

*LJl jL>c_> oj_i) SJ-jIjjloJI jJl *1 c—a*sJ L*-j»*yi j^Jo 

L^lSDl Ojl jJ>uJlj <^>s_la_*^Jl £-1 j-o->cJl C—a-cJ j|j-v^L Lp J-* (C0 2 J 


M. I. Lee [et al.], «A Moist Benchmark Calculation for Atmospheric General Circulation (1897) 
Models,» Journal of Climate, vol. 21 (2008), pp. 4934-4954. 
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j +SL** y\— { JjbA\ j *JZ**tjjjjZ}\ ^3 0j!4«>-j jJ <Lu2-ul>" JJL-uLc ! 47 

c46 ^3 4 j jljjj>-l olo jj oLo! /*5ko .^Sn-L^o^ jLwwm«o <j^JL 

. (I898) IPCC Jljj V oUS_jJl olA J 


^Lo Ojl^>- *1 ^oj>cJ! CJ->co ^Ja^x*y 1 jlwLv^| ^3 Jo I Jill (JJ_*oa l)| 

<iUaJl Jo I Jo (Jj_*_^ ^_>tj>- i)\j <• <jjZJ* £-> j* ^JlSG -k^J ^ <^1 y>~ 

15 jO>c_C <C^»JLp ^k-^o Ojl^J>- d>-j.3 k^o^JLfl C 4 oLJL> 3 JjO> 4 J^jL5sJ| 

y*Sjj ^uLpLs^j <L*_^-I^Jl <^l^<>j>cJl oj>cJ o! 1 j_& ^c*oj .ajj^j» aj>-j^ 

^\JC jl ^^i-P kLdj>cJJ dlkj c ^ojJJj J^i IJ-skj Iklj 0j-5\o (l)i uj>u CO 2 

^_l_P klk^JJ £-> jJ* jZ~a ^J^-SsJ Iklj 30 jlS\J . 0 *Xj>- I J 4_j jJ~a <\^>-OjljJLa 

lk_>- oLL*j>- j .4_jjJCa ol>j3 ojlJJLa ^LaJj! 

l CO 2 4 U2_pL* o 2-« 4_*J>-IjJl e-l j^_>cJl CJ->to VI ^_3 olojJl ^tJLC t Ja_>co 

4oj_L?^Jl CoL j ( J^oJ>-j C oL>j 3 oiC*^\o ^j_>tJl o_3 Ojl^>- <L>-j£ ^l_Ojij 

^3 I Jo I Jo JaJLs (oL>-jJ Jj tAjo j Joflo 4_LalSsJl Cj L>co^/ I 4_*_^-l j}\ 4o J_*jJl) C-wwsdJ I 

iklj 30 JjOS ( Jw3l C ^Co-U Iklj 18j 4_*J>“1 j}\ f-\ ^o>J>cJl CJj>cO 4_*_C>'yi 

(l)jl jj 4o y^a CC L>-j3 L^jIJ-^oj oloj j-oJl 

Jj->s 4_P J—) 1 JJCowll f-l CJ->to 4_*_Ci'yi j|j_*o^j b\ . ) 1 Ojl ^J>- <C>-j^ 


.(5.7 E Ji^CJl) 116 ^y> t CCSP (2006) c HadAT2 radiosonde (1898) 
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4j>-j 3 ^3 4_jj_L*_x>Jl 5j»L>jJl ^»La| LajLp ( J t bL*IsJ <C^aL^Jl ojl y>t Jl (jljJLsj 

jl o jZ* L-a Laj ^JJ >0 ^ ijljwA ^ ^ 1 ojl y>- 

.jJl>JIj ^*jJI ^s Jjb- 

4^^a<Lwv^>cJ jL_*_x>-S” y*JL >j (j4 _L>c^s ^3 CO 2 4j2_pb/2-a 0^-&Li? C1 ^_L<»-*JL^aiI 

43 Ll? cuj15 LoJj .£->j-« j-i>» ^JbD J?lj 3.7 j_j>tjJ LaL>t_3j lJ-&j . ^-Ll^JI 
c ^-a ^JLa J?lj 2.7 jj>c_L> Ojwli J_3 (jLw*u^/l L^-^J ^^Jl 4L^3jJl ol jLp 
LJI j-^p . CO2 —LJ 4JLL3 *uLpLv2-« jj>o Jj->jJ^Jl ^Ljl 4Jj\J LL*Ja 3 jJ 0Lali 
^3 CO2 —Jlj ojl j >cJl ^-o Jfi_>l ji iilL&j .0j 3 0J-& ^a ^sl Ijlb^^>- 

.iJi-LA (Jj_SLj (jl ^ju -_3 1918 ^Jl 1905 ( /^s 0 wL>ljJLa Ojl^J>- £«a (. yj j_JL_*Jl (j^JlJl 

<LoLJ 1 4_woJl_*Jl j_>eJl C^LjL*wO 1 O-JLS"J .‘L^ab-J *L^>-L>“j CJj-o jl_P CjCL* wol 

0 -^ 2 _^ 2 _>tJI La JJ_P 1976 ^LpJ 1940 ^Lp ( j-o <_^>^>cJl J-*_) La oLL*_ol J 4^_j^J l 
(jl j-wP (- 0J_^>- 1998 ^Jl 1976 ^j^a OjljJ>cJl 4^>-j.3 £-a CO 2 43>bp (j| .Ojl^J>sJl 
C J-^AJ J (j j-S^Si 4jj>c-a jZjsJj . 1998 ^Lp J_*_) (_£j_>-! 0 j-a 4J2-^*_*j , 43 jA_P ijLw& 
CO 2 —LJ 4_L^jLa obbj (jl t dj| j -^^JlJ 4_^5 L^ai t)L^JI ^J-j'^jJl 43LS" ^j-vbLp ^^1 _p 

.<w>LJl jUNI ^Ja-p I jUI I 4 J L)jSb^a 



0Jj3 ^0 jj^jVl ^Ja~» Ojl J>- ^3 l*a3bj 4™o 4*11*31 ^Ja*,Jl Ojl^5*- 4 >-j 3 ja^ajla ; 48 Jb^tJl 
® j *Ji**ijij ^3 4jbt«a ol^l ^5j^J • 1998 ®(Jl® (Jjb^- 


bis .0 J_sL ^_^l^ Ojb-wa {£ J^J^ c_3 >L*Jl ^3 (jj_>j^Jl J-^vbl ^jU ( Jwa-^J 
t jLj-V^ bjb ( J^O-30 4-obJl OjLuJlj .SjLUa C-4-s^l C L>-jL>- g-j-ya ll ^LijJ 
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Ju_S'! jU j-o JjVl 20 ppmvJ! : 50 

JL-~S3 jU ^ 200ppmv J !£>■ JOuj .Sjl ^ l*Ja-p^n jjV! l^J 

^-w3-> La . LfrygL/aJLa 1 ‘U5Lo-j ^Jl *!4iUaJ! Lj J2& <CL3.3 jl^S" 

jli <. 385ppmv ^aJI »L-~*S3 ^l^-l ol jj*p o^LiJl 

ojl j>- 4^-js ^31 ^>! <0 0 ^JmmmS' 1 t^L*-^! 4»*_>jl ^1 

^ oj-a 25 _j ^U4 (j-o J-—S'! (jU jlS' La-liP 4 JI 3 1-LgJj .jil 

.®Sjj3 a1z aP) j! ^U-jp! c.~Jl 0 jjt>U? ilLjs> i j£j (. 4ajU! ojjVI 
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ojlji'l 4>-j.s 


2)1 LlJ-Pj ,4j yyS\J ^UJlJ 


aSjJ) <Lj^-L iJl 

. ((4_Lk^s— I^ j»j_L*Jl ^3 oliLJl 


£*->• 

^li ^|2\J 2)1 ^-aj 2)1 ^Lx^o j cjl j£c^\j a*.a>x-> c^Ul^Jl o Sa 2)1 J-5”ljo 

c 4 j! c I y* j-LnS" 42.195 2)jjIjLoJI 43L^j 2)| c cJlx^Jl ^J-*3 .43.} ^Uaj 

13j* jj_$C c^LJLU I oJ-^-^lj c ?-Lla_?^'yIj c iijJl j»J_P 

( /j-o ^JL 2)jJljLoJl jLws^j J2)1 !2_&j clj-C5" 42.195 i 0.002 4. 

LulJ .ojl^>cJl 4_>-j^ oL-Lj cJL>cJl ja ciUj-S"j .1 jJL* j-C-S" 42.197j 42.193 

1j_&j . ( /jjj_JL*Jl 2)j-aJl <J^L>- <u y& 4 j>-j5 0.7 _j o y>~ 1 ±5 ^j^j'yi 2)1 1 j-aj 
2)U clj.^S' 2ijJl ^Uaj 2)LS" 1 ^}j .2Jj_j 1j_& ^Jj>c_> ^Ua_> Jj>-j_> 'V Lwo2_p Lw^L^s 
^i^Jl li-ft 2)U 4 jj±* i>-0.7 ± 0.8 -j ( jJ>j')i\ cj ysA ISli JJiS ^i^Jl 

l^|j .4 .wo2_p *Lwow&l ^2i j_U 2)j-^> 4 j yj* 4^>- 0.7 ± 0.4 j IS” 1-^j.j c^l^^&VI 

C-olS" l^Ls ! 4^*-~JaJl 4^oJ_*Jl *»1 2) Li c <u~oJL*Jl ojl^>cJl 4j>-jw\J ^25 j 

<-JlS J ? *4jJ±J 1 qSa 43.} ^Uaj j_& lo J ? ^LaJI A-JwAj ,3 J U J ^^LiJl 

jl*AJ ^^JaJl ( J^>^Jl j_& 13.& ?oULwJl ^j_Jj>ej 


^j-*»L2jJl 433 ^J»Pj C ojljJ>cJl 4^>-j3 ^j_*>li A^JlS ^3 ^JajJl 2)1 L)u j Jl>o 

cjL ow*_i^a>Lj ^*»Laj ^lg.-■%».!' ojl^>- c-oLS” c Ll>w\j>- ^^s>-j .^*»L%2Jl 43 ^ 

I aJjb *L^>cJjljJl oULJl 4_P j^j>x^a 2)1 L^5 .Jg-A-3 ftj-~*jJ® 
o^ ^1 oLw^UJl oj_& 2)1 • 4-oj-S2Jl ojl^>cJl 4^>-j^ j^xJ 2) 

U 2)U cdUJJ cJ^-lj ^jLjw y>y ^^Jlp ol^j^^lil ^p-o^T (Calibration) 

4^-j^ 33 -j j_>“! jjo y 4aj>c-wvO jJ C 4j y^a 4 j>-j5 3 1_> y^x^a yjayy 4-lj>e-s^o 

JJ^P ^lll o^jI^s O-oJ l^lj . 4j yji 4jyj5 32 >A-*3 ojl j^>cJl 4^>-j^ 2) J^> l»JJ^P 
.?-lIaS>- V *>\J 4v^^P 2)j5i> ^IpVI ojl y >Jl ol>j3 2)U c 15 4>-j^ 

C v > JS\ 4j>-jw\Jl ^Jl ol yL* ya y^\ ^-J S-X^a 2)} C »2iJ^ I 4iLs^| 

J_i y -Ij c 4>ji 31 J_lp ojl^>cJl 4^>-j^ Ju>c_^o J_i |jj>-lj Q 2 j>-*>La 2)li ^JLJLj 
jJL«j-4^wws^S 1^) 4 jV C ^j-Jc>-jw\Jl Ld5J .4 j yJ> 4j>-j^ 32 L^Jj>c-s^o 

cioLS” lili c -4 jj-^ ±0.5 jj-SC—- ^Li ^1 2)Li t^-j^ ^->jil 

CJ j^xZ *LwoJL*J| ojl^J>cJl 4 ^>-j^ 2)1 oJ^JL^.1 ^1 oULJl ^..Ig.x^a 
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jli t o3J_*JJa ol JLay a jj ya oJ_oJJ*-vwA yj j2L*Jl 0 yJ I (J*}j>- 4->jJJ* 4^>-j3 0.7 _j 

4^>~j3 oL-oL^3 433 jl C ^Ju*_aJL>j . 4j jJJ* 4^>-j3 0.7 i 0.5 j_& AJL*2s>- j}\ IJ_& 
iiLwAj .jJj>o ^Jwslxjl <^j>cjj 43jJJ ^^Jj/I ^UajJl y* 4o J jj>cj jjJl ojl y> j| 

.^oLaJl ^Jl JcL^Jo JL3 o jtS yJ>-\ ^Ua>-I 

4-JoU> J Lo-*_l^-oL> ^j_>c_) ^j_> ^JJ-jj I O ^JL)l ^_3 Ojl y>J I 4^>-j3 d->LwoL^3 C-olS 

C-~±>j ^jUJl ^ £-J?yi cijAis^ 5 ^j . (Stevenson Screen) j y^Jy^ 

42oLj cl)jS\J jl o->uj .oljJ (J jJUwaJl ^3 Jj >-yj . (Stilts) Cjj/I jJg ^1p 
jl C CJ-^ol jl t J-wfl ji jl C jljJ_^-) ^j2_L>cJ| ^-olSj*_>j/l ^j_P oJ_^*_> j j-w*J-£-JJ^-o 

.3 y/2 :>ofl ^-jJj aJ^Ls^J ^ApV) ^^3 4P y&y*J C—JJ* ^'lijjl jW? ( 4a^J J I C 

C C-J~<>-<-o j/l L-a 4^-3 ^3 £_£j ^»jJ| ^ Jj>JJ-v-<jI ^JLlaJl olk>t» jj 

^lp 4»-olJLoJl ojl^>cJl 4^>-jjJ ^SCojj .CjljL^o <._>1 y» jl ^jLJo i^y 3 W *• jj-<j 

( jp- oJl^lj 4> jJJa 4;>-j3 ( /^>a ^i5"Lj 44-ljJ>c-4 jj_Sj> jl ^jVl ^lg-«.*> (3jj J 
oLiLi .^JU j/j .^/gj^l ^_Jg_~o j_3 ^_> JL~& jj —p Ojl^->- 4 j>-j3 

.^j^gj'yi ^Jg-A-o (Jj3 4*^j2j ^bLj'^l Ojl^>cJl 4>~j3 ® jj-~J-4JJ-oW 

4iL5j J (j jJUwa Jl |*-j>c_>c_> L^jl j j_*^L4JJ-o 42oLjLJ 4^-^Jl O La ^a. 11 jj 

j»o«J I I j-& (J 4 ^o j.** ^»_3wt-^ . 4 »^^*«m^^c_J I I I 

jjJ «Loj_3 3 jJl 1 ^aJl Jjs-I^ ojl^PxJl 4 j>-j 3 jj-5jj jlj (,oJ_^_^-'yi >j_vg-J (^-tJl 

^ikll ollgj>^ (Automation) iuJl jl .^1 j^Jl ^^ ^dl jlbJ jL5js^/l 

4-JoLj ^_>cJ>- ^3 j^>cJl 4>-j3 ^j-oLwtfJ 4jjJjL>c_>3 (JjJg JU^JL^oj 

4oj^Li oj^s-Li ^L>ijj^j/I 4S-Jgj olj-« Jl ll d-J^Lj .Ia^Ij^j j j-*-vJ^4JJ^o 
^ jj3L-sAi/gj 0I I 04 ^oL-o j-s^ C_-Jwtjj .^ I 4-^^o ^-313 

4*jj^ ojl y>- iil-LA c ojL>- oli>“ljw« . ji-JJ^o*^>jjI ya 4P J^2j* j olj-^ 5 ^*-vgl 

j|j .^1 j>-Iw\J| ^Ja_wvJl ojl j->c_ 1J ^Jwws^?J-’J ji-JJ^ojjJl ^cJg-«.^l j^"^ 

^3 ^Jg-pl j^^ ®jl~ > " ^jl J" 5 *” ^jg_p) c^j^' ®JI 

.^jJVlj j-S'VI 4^-jj>jI oLi-LiJl ya I 4jjjjwo^>jJl oLjLjJl 

ajLUi 4 j jJ-oJl ^Lwi-vjJJ jl jl jL*«vU^I jjj-^ ^j» 4 j| jj_iJl 

^3 98.6 jls c 4 LS" <^S j-^l jl ©j-t^Jl ^^gj'yi ^cJg-*.^l 4 )j5j-v^oJl 

oLwol5C*jl L^J 0 jzS ( j-oLi cjlJg^>c^3 iiljAj . jjSj^vws j-^jl ^Jg-*.^ y* a^-oJI 

c ^JLjJI ya 0 jtS ^Ijg^l l^ y>-y* ^j-vJ ^y> j-vg^-<Jl L ^jL^JL>Jl jjj . 0 j~S Axj>~\j 
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Oil 2J>*~a (1)1 J J-3 J .<4 0->cJ 4-*_Ji^lJ ^j^5"Lp ^/?www<>Jl (1 )LaJJ1j 

*UjVI oL-Lko ojJoJ jJ (Colorado) ^loJl 

O’L)jJl ^3 £jlj> ^«1 IJ_A d)l Jj>-j Ui” . ^^->c,y2.11 OoJl^Jl 4j^>eJl 

oliaj>c_>3 fl-yaJ £-3j-a d)l (1)^1 Ai j . oS"oJ^>cJLoJl 

t A^S"j^J^l Oj_S\J>cJl jO ^3J-Oo C ^-^>c_v2 A^S” ( joJaJl 

, (1901) J I^^I oLU ^ IjO 

ojOO t(^/?j % yi A^>-Lwvw« aJJ>J 1 ^3 29) A_*^olJl ^J»p ^j-vwilaJl oUaj>c^ 2)| 

^^^_i_P (1)oLiLi i3l)w& .‘L^pLLnA’ jljJu ^j->s 4_P y^Sya ^3 

a^oJIp oj| j>- ol>jjJ 2)j^io aoL^ai oL-li iJbwA J c o>Lk^>c-^Jl 

^2a-^ AjLoJl ^3 3 (1)) C ^Jl a3Lv^| ^r-)g ,«*» AjLoJl ^3 71 _J 

^j5_OoJ| ajjJI ^3 26 _Jl ^y* aoJI ^3 2 ^J^l l)Jj c wU_L>cJLj ^ia_*_^ 1 

1.4 ^Lp j-^wJl .(JC>cJlj ^jUc^gJlj (. oL*ji)jLww<>JI L5j_*_>1 1j| cl)jiw) 

|Y-ol^-P ^OtJj .L^5^^Jl 'b/ ld_Aj t^j^j'yi ^c-Jg-^Ai L>.^S AjLoJl 

.LoL-w*>I *u>-L^>s ( /^p ( jjl> ^^Lp ojoi>«Ji ^j^j'yi jj^ 


aJ_*_s LoLp L* (J^ <14 


^LnJL)1 y& O^cjjLJl Ojl ^A>cJl A_>-j^ oL^L3 ^_ 

C jLp>o1 yA LLO ^jLcJl oJ-gJ l)jj .1 jJo-j ^jjJl cLbJjl l^j^>c_> J^a yAy 0>Lw*>LJL 
Ajb A^Ja^l A^iio^j oLk>c-<>J i)\j c<L~-li y ^>-1 oJ>^>-1 oJ_^>-'yi j^xj 

J_£ (1)j-Oooo ao1o> (1)j-5\J jJ j c iOsLlkj f-li^>-l ^jLoU (1)j-^2 -iij t Aj_bj>^ 

(__5Ajllo^ 0 >L*j2j (_5^ 2r° aL-o1oJ1 OwoJ jl (. ^i?lJ>- ( JlSs_*Io 0-/?j 

*lpLlv2J1 o>j_^L>c-j l^—’j^ tolo j_p ^olwoLll a_1?_>c_>3 cJujl 1 wOw>j^ t^/?j'yi 
A_>-j^ oJw^-*JOl J_aJ . Co Ij ^JSjj y* A_laj>c-4 t)lo , l (1)15 l^ (jwLojJl _9 

aj>-j^ oLaL>cJ1 Jj1860 ^Lp jo jO oL^lo a^>JL^J 1 ojlj^>cJl 

(JjJ>cSUl ^JwO-xO»J La^ pj (. jj 1 ol^js yA Jl J^OvJj .A^jJjs-cJl Ojl^> cJ 1 


R. A. Snr Peilke [et al.], «Unresolved Issues with the Assessment of Multi-Decadal Global (1899) 

Land Surface Temperature Trends,» Journal of Geophysical Research, vol. 112 (2007), D24508, doi: 
10.1029/2006JD008229. 

R. A. Snr Peilke [et al.], «Documentation of Uncertainties and Biases Associated with (1900) 
Surface Temperature Measurement Sites for Climate Change Assessment,» Bulletin of the American 
Meteorological Society, vol. 88 (2007), pp. 913-928. 

< http://surfacestations.org >. (1901) 
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4_>j!olJ(JI j ol-O- ^051 olk^t-a oJ 

J_>c_I j_*JoJl O-Oj J 


£_1jI -O j .(j ^\_o_JI 

. (Thermocouples) 


(HO-83 Hygro 

(i903)(i902)^^_^j| Jjj,j J j i>- ji 0.5 Ic-lkajl Thermometer) 

O^Lya_>jJjJl ^LoJLpI jl j-^ • I860 0->Ls2ljoJ-P jLo-OOal ^j_^-a| 

LojJj .oJl Lg-J-P ^ ^Jlaj-a^Jl 0>L*li ^>3 ojl^arJl 4 j>-j 3 oL-li Ojjl*-aj 

^j_p oUi jJ L^Jwo ^LyaJ 4_i jJC^aj 0 L 33 j+s> yLajj oL>jIj JaJLs L*Ip 150 

opLJ a^gV 1 jL^yfL Lal_p 30 J o^L-*>L3 JIlaj .^jO-Jl o^LoJ 00 J ^L-a o>I 

‘c-pLlL-v^L/ 1 jL^-sVl o^L-aU .^SLL-a* 5 \Jl jL-ww<Jl jjJL o^L-aLJj ^a L^.ya-*-> j 

<OplOy 2 -Jl Cu j_*Jl jl-\J—Jl ^_9 ^-aLjJl ^_Lp j~J"j-7 JlO-& ^j^-Jj C 4_LS" ^Jl_*Jl 
^a-Vl J^ialoJlj L^Ul (JL>- j_a Lo5 i jL-O ^ia_*J jl ^JI 0 >Ua-^<JlJ 
.oJ jZaja ^iil oL-J ^ja J^S I bLopI I^Jlp -Uo*-> o^L-aLJLil o-L& jj .L*Jl ^3 
.Ojl^>cJl ^P ^I^jVI <Lojb 0 j j-y 2 ^SLL-a* 5 \J| jLs^vwoJl O^LjJL 

^jOLiaJl oL]a^>t-a 4-aL£j jjb tjJ-b j*. 3 la Si olk>m j ^ la 7 

^*JL*Jl jljJj ^3 ^*-Jj JajJLoJl jlJ-LJl ^3 jLS\—JL <Ja_lSLa J^laL-a ^3 
^j c (Arctic Tundra) ^JLOJl ^.JajSl ^ Ij-LjJl 4-Jaia oJujm JlSj tOJUl 
^3 0 ^05 Ol jL-& Oo I5j . oUa-_>e_yJl J jO>J| IwJgjJl C (^jUc^gJl 

J3 j c ^r-la.A^ 11 Ojl j 2 >- 4j>-j. 5 Ja_-ajJLa ^*^_>c_J I ^*JLlaJl Oj Ja_>c—a 3 -Lp 

L&OJ-P ^_w?I 1980 ^Lp ^3j t 1900 ^l_P ^3 4_]^>c-a 1500 oUa_>c^oJl 3J-P ^_L 
2000 j_>cj jNl La^J-p ^-Loj . 1998 ^Lp ^3 Jaj>c-a 2700 oJ-Lj .Jaj>c-a 6000 

^3 *LyaL>c_>j c ^cJj j C3Lia^>c-a O-J15 OoiO>-l ^jJl 0 >Lla_>c_yJI ^Ja_*_>jj .^Ja_>c-a 

c 1990 ^Lp j^>=-3 t j-aLJj| o^Ua^^J ^jLp| j^5! j!5j . ^jjL^JI j_^JI 3L>o'yi 

^3 ojl ^J>Jl *L>-j3 ^3 Lj>-LLa IwLjljJ o 5 ^-aj/l o-OooJl O^Lj/ jJl O^LLo j ^ la, j j 

(jJaLwa ^3 1990 ALp J_*_i 0>Ua^>c-<Jl ^j-a 0 j-^-5 OoL5J . 0-3jJl 

( j-a oLoO J^_oLOa ^j-a o3jJ>-La ^ 2 a_^Jl ojl y>- <_>-j3 olla-^jJLa Oo 15J .OXa 
Jjal5 jA JaUwaj Ja_3-OP 0 >L>-j3 5 L^J jJaj t 0>L>-j3 5 L^-J ^P t 0 >L*_J^-<Jl 


T. R. Karl, H. F. Diaz and G. Kukla, Urbanization: Its Detection and Effect in the (1902) 
United States Climate Record,» Journal of Climate, vol. 1 (1988), pp. 1099-1123. 

T. R. Karl [et al.], «Critical Issues for Long-Term Climate Monitoring,» Climate Change, (1903) 
vol. 31 (1995), pp. 185-221. 

. GHCN2 oULo (1904) 
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j»Lp I jijZ* l^da 300 (1)15 tLSLd^a 2592 j . (Mercator Projection) 

jLdJl ojlj_>c_Jl 2)1 1wL_a ^ 1980 *Lp 850j 1900 

Sjl j2>- 4j>-j^ olJlo 2Jld& ( Vj52> ^Jj t 2-w^ 5 j^ 1 o^^Jl ^jLwvjJL Ja*J ^Laj^s jZi\j 

. L y?j')l\ ^^1-p <2.L_*i>s ^3 

LjjjIj a^S"^^ aVl 3 Jj>cJLoJI oL^yjJl ^3 ^jj^LwsJl o®j-^5” AiliS" iildA 

Jd-gJlj (3j-^Jlj doJ-d>cJl 1-5" j^a\j LJL j3 1 ^j«a 5j-^S' oL>-Ls^aj t A-oj_*Jl 

^3 ^LiJl olkj>tj3 ^j-a JlJL3 2SLlaj j_L>Jl c_Ja. ijlj Lj Jo^Ajo ^_Pj 

^S"l (1) LSn_*^J Lj A-LdSoa <Lo J>P jldJu ^3 J^oLw2_ll 0 ^a Jj^a J S>-jjj . d-> Uao>c_^J 1 
^3 J^3 ^a d*olS" Oj^S ^j. ^aL? OllA>c-a (jV |*Jl-ALa jlo'Tu'yi iJjk ji>-l ^j5"Lal ^j-a 
LwoJl | /^a £j>-l 1 ( ^)l52*_} V y 1 <2 jJj>cj . A-Cj wLa J^Jalda ^3 (1)^1 C-*J>^-v^l Ao2j j J^lalda 

C d^lo>co>Jl Ojl^J>cJl ( J^*_Aj Lo-S" C ojl^J>cJl 4_J>-J^ ^_3 LpLajjI 4_A_v^j*y lj (_JjJaJlj 


0^jJj>cJl 


-r” 


IwLa 


.(3J-*dJl j2"l^*aj *-L>j-^-So)l j3a^>-J dJ^^lj ^*->1 ,y2..oJlj 


1^^^ t A^oJL*Jl Ojlja>*cJl 4 j>-j^ Ja*>i j^La ^S"3_> Lad^Pj .^dwLoJl (_£jlI 

®<1)j-^vdAdda)) AdLo ijljwAj .oLaUJl ^3 ^jL^o^M jLw^tj'yi 

jLo ^Jl^—aJ £_o^L>- ^-Iws-^ ^|_>La> 3 Ul^JL~al o-4j_d>~ ^_3 AJoJ-a ^j>-1 ^_3 

J~S ^L*da*}\J ^-^“1 j-^J ^ 1 (l)j . A^sL^aJl Aj^J l (3J-® t (1)1 ^)La aJ jJa C j^£ 

l^a 2)1 ^*>L^_aJ 1 (1)1 (^^_>c-P .^Vl ^_>c_) OjL_>c_L-a oL^L^aJIJ 

^/jLa cJosUfe ^1 J_^- j J_>wLs^ ^ oLS* .5jL^ (Marree) 

aJLo^j ^jl^I o2LS”j .LJlyL^I jJ^- jL>-j* (Desert Hamlet of Marla) 
ci^wo»j .1^1^ aJl)1Jl)1 ap-L*^J 1 d-oL5" l^Jjl tA-wa^»Jl Sjl^_>&Jl d-*L>-^ a»L^3 
d-oL5" C-A^.v?-11 0^1 j2*- A^>-J^ (1)1 C ,]g.^a ^JCoJl (^wLo-U (J^-^dAdda A^aL2 0 L^-a 

A-JoLJo o^^>- 1 (^‘iil j-2Jl (3^d t o^>L*-oJl ojlA^>-j^ ^y* ^d5\j t> _5^'l 

(^^1 LaJdP Adaj^l dii-J ^3 . Aj jJ>cJl ^Ls^J^yi LdS" ^j-a v _<jjJj ^1 W(l) j_djddi** 

AdlliJl ApL-vJl ojl j2- A^>-j^ d4jJi C Ida ^IajjI ^j-**^- ;:> “l- , (_5^-^l ^^AlJ^ 1 

^ jJj LJ J-^3l ^UcJNI C L» (_5^J .djLpL-a ^ygj J_*_i ^Lw2_)l Ojl 

15 ( j_P j-^^l d-oLS" LaJdP Ad3J-^>Jl djl_)J j ddoJl ( /^a dJLpjj 

13 (1)j^vj Lad^P Ojl^>cJl A^>-j^ (1)1 ^a (_3^" cyb . jA-s<gJl (d*->tJ Aj jda A^-j^ 
2)1 ^JaJLwvu AdS^doJl oLJ*yd>J 1 dllij 1 ^dJa_x-j (l)li ^A^.ll d-~>2> 
<. ^jL_3j-^3i ^i^cj'yi jL^ji j -*_)j .^—^^-d'y d^»*da o'y^i, ojijj>3i ^ 
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<uLp^M c*ww>c-w*»j c 4jjy*-oJl ^yLJLlI djUaj>c^ 4—*>jjJl 4—lljJ— jiJI cJLLpI 

^li C> ll2J>e^oJ <1)15 J . lo o ^3 ^aU^ jl j^>~ I C±>J->~ 5lj-A <l)5j c 
03jjIjLoJI oULJl ^jA 0j-J5 jj.^ C jpb-J I L-3j-w*Jl 3 L>cj S )/I ^3 0 s 


Cr* '*j*r 


oULJl oJu& olSLi jl ii dJUi (19O5) 2001 ^Ipj 1971 j»U ^ 

C>ljl—Jl jJ-floj .ojl y> Jl 4j>-j3 j^xjj IPCC < >1—>J <U-<>-*C%w<JI 4—<Jl*Jl do L-JI 

j—P 1-Laj .4—jj- 9 ollaj>t» ^yo oUj_d Jdcd o^_c5 C^b*- ^3 4_v?_9IjJ 1 
Oljjj ^y 2 _*_Jl L^-yg_X-J y_P C> Llg-J>c-^J I J-*—j (_£ y>-l jJ^LCj ^3j .J J-5La 


^>sLj J-) JLLAJ .CjljLwJl ^Jj9 J J ^ J» 


i L 


-42_CjJ i < 


4 Iyj^ J_b-5J I 


. (1907) 4^aiUl jv-iJl jjJiJ |v<wi< (1906) (Filnet) «coii» j 

Igo ^yJl 4JL ^JflJl ^A o -i_A y5\J j .4—3 LaJL^a |jJL 4-15 dJ3 J J-o J-9 

c —*-aj jl 4 —^JL*J| ojly>Jl 4 ^>-j 3 d)L> <d*Lp.J JLla c-o 15 blj .4-wo-l_*Jl c>Ljb_JI 

Co 15 15 L* 4_9^Jl ^Lj>c_) LjU t^-s^LoJl o jJJl <J^5“ 4 ojJjj 4^>-j3 0.7 

pUa_>-l jjib j .l_Aj| j5oj Ig-JcP 433 L^LoJ 1 ySbooj t 4^.93 Ojly>Jl 4 j>~j 3 C>l—o1—3 
J-9 jj—-Jo2—Co 4CL±> l,.^j CjJ->cj ^yJ1 f-Id^ I j c 4o jJJj 4j>-j 3 “1“ 0.5 u^45Jl 
ji ^Cb>Jl Jj_>CCJ 4_*_9j2LoJl f-Uabdlj tiojJC ±0.3 Jj5sJ 

j_j| 4-*_9|jJ| *lddlj C 4_jjJja 4 j>-j3 ± 0.1 l) j5b J-3 c±Ld—ot)bJl 

± 1.3 j_a ?-Llaj>-Vl ^j-<>->c^j — 0.4 jj-^-> J-5 4-joJ-oJl ojl^4>cJl 

^j-s^LoJl l) ^5ll (J *}5>- CJ-*j2jjI J-9 4-0 j5Jl Ojl ^>eJl oL>-jJ <1)| J-9 J . 4-) jj>3 4 j>-j 3 
4J—o2 jJl 4-^oJ-*J| 4-0^ >\->cJ I l)}j . 4 J 4_^o-A| ^ ^_9 j}\ |j_^_9 . 4j jJJj 4j>-j 3 0.7 i 1.3 
0j^-> J-3 j 5-^J| (1)j-^l ^3 ojl^>cJl 4 j>-j 3 jl ^A L^j^ldd-ol ^j5^>o ^51 oJ —>- jJl 

. C-W2315 ^s>- j I 4j5Lw*> Cj15 j I c ^L.I 3 cob jl 

j-laCo CoLjo'yi jl <JwL>cJJ j^La jl JoJ->- ^oJ-P cL±j 5I 51-LA <l)j^b LoJJ-P 

jS >-1 4-LC—-a 4JJ-A o_3L±j5'y I I j_A 4-931 *./3 A 4—4_C^Jl 

C 4 J 5 U. ^ya) Lg—Lp 433Lq2-<J I y5^<o ^ ^bljJ^ oUUolo C 4 L 03 VI 


R. R. McKitrick and P. J. Michaels, «A Test of Corrections for Extraneous Signals in (1905) 
Gridded Surface Temperature Data,» Climate Research, vol. 26 (2004), pp. 159-173. 

. USHCN (1906) 

R. R. McKitrik and P. J. Michaels, «Quantifying the Influence of Anthropogenic Surface (1907) 
Processes and in Homogeneities on Gridded Global Climate Data,» Journal of Geophysical Research, 
vol. 112(2007), D24509, doi: 10.1029/JD008465. 
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^1)1 4J! IPCC ^SLJ JjL ->j .(jjUI jl^'yi 

j->sJl (*_3*)A_*J| <^JL^2S^jQ ^3 ^Jg-pl jljJJ-l iil-LA Oj^vj (1)1 iwJ>u t jl~o)M A^w*o 
jijjz}\ ^3 5jijj>cJi .aji^L^' yi j^LwoJi ^3 c5 llji 

58 2004 ^Ipj 1979 ^Lp ( j-° o^ oiil ^3 Adij^l^>J! ^3 ^LL^Jl 

<jj<u>-j_oJl 0 I 2 L 0 oLp j~*j>iL*aj (Radiosonde) *y AJaj>^ 

o^ 1 . (Alabama University in Hunstville) LjL^/I a_^jL>J 

a^>-j 3 0.05 0.07 ojlj^sJl a^>-j 3 d)l5 c 2004 ^Ipj 1979 ^Ip ^j- 0 4 JI olibJl 

id I jJL^i'yi J^LwoJl ^3 j*-xS3 Sjl jj>cJl A^-j3 (1)1 ^L*_> ld_&j . Aj jJJj 

j id_Sv_Aj .a-ji j^**> *y 1 ^_3wLj 2)1 ^-^yi jii*_^>u ols* s 

•y c ^jj*-! 0 ^ ou^s-^^yi ^3 ipcc j_o-> 

Us-pLJa-yg^yi jUJbfl O-lU JJLi .ULJU*JL IPCC jZ j-w-o-S” ^iLojJ ii*>Lp 
. (191< UA jl^l iJU* j! :LSU^*>Ul oljL^Jlj 


<L >jJu 2)1 J^i Ji j .(jy >Jl cJ*>UJl ^^Jlp 3 Iyul jdl (Aerosols) obb^JJ 

CO 2 -Jl ( ^y 3 ^J 5" jl^ L bl ^1)1 ddJ->“! C Jjbbj ^ol ^s<£?l^oJl <4 j^J 1 

^ Ij^-v2_3 1 j^s> obb jjJ ji JuLj . j_ol bl^ jjI jl 

Ua2>- Ul& jj / \ys>4 j^ol ^oJL*Jl ^2A-liJ 1 jjj ^ ^ j->Jl ^_3>UJl 


J. R. Christy [et al.], «Tropospheric Temperature Change Since 1979 from Tropical (1908) 
Radiosonde and Satellite Measurements,» Journal of Geophysical Research vol. 112 (2007), D06102, 
1029/2005JD0068 81. 

R. S. Lindzen, «Taking Greenhouse Warming Seriously,» Energy and Environment, vol. 18 (1909) 
(2007), pp. 937-950. 

C. F. Keller, «Global Warming 2007: An Update to Global Warming: The Balance of (1910) 
Evidence and its Policy Implications,» Scientific World Journal, vol. 7 (2007), pp. 381-399. 

N. O. Bellouin [et al.], «Global Estimate of Aerosol Directi Radiative Forcing from (1911) 
Satellite Measurements ,» Nature, vol. 311 (2005), pp. 1720-1721. 

R. T. Pinker [et al.], «Do Satellites Detect Trends in Surface Solar Radiation,» Science, (1912) 
vol. 308 (2005), pp. 850-854. 

M. Wild [et al.], «From Dimming to Brightening: Decadal Changes in Solar Radiation at (1913) 
the Earth’s Surface,» Science, vol. 308 (2005), pp. 847-850. 

M. O. Andreae, C. D. Jones and P. M. Cox, «Strong Present-Day Aerosol Cooling (1914) 
Implies a Hot Future,» Nature, vol. 435 (2005), pp. 1187-1190. 

T. L. Delworth, V. Ramaswamy and G. L. Stenchikov, «The Impacts of Aerosols on (1915) 
Simulated Ocean Temperature and Heat Content in the Twentieth Century,» Geophysical Research 
Letters, vol. 32 (2005), L24709, doi: 10.1029/2005GL024457. 
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/*_P j}\ ^^Lp 0 ^jLJl ^>cJl 4_>-j^ d->Lw^L^5 ASj .<L^»L»*i| ^3 

^Lp IwLjIjJj c 1976 ^Lp 1946 ^Lp e-lJjol lyg,sLxJ t L^jloj J->c-4 
o! ( / j_SCj ^t—^ tajj .J-*_i L*j 1998 ^Lp Ly2_3LxJj <. 1998 ^Lp 1976 

^oJlp ^tAl? iil-LA i)j£j (jl c 4^*^Jg jJg o j-& 3jl^pxJl 4 j>-j.5 

oJ-j>c_> ^_jj .J-*_j L*j 1998 ^Lpj 1976 ^Lp ^Jl 1940 ^»Lp <4 J_i_>l jJjlJI 
1976 ^Ip ^ ©U^i olilijJl J^*i ^jLJ jJ jJ t dUi c3jij .dJUi 

.4jLwLy2^J 4 j>- 1 j^A> L5^i 1998J 

j\^\ <U_)*}\JLp ^jLS"l Sl.il Jg^>c-^J' Ojl^>- j^XJ jlS* Lo->j 

4_*_^-Ij <L>wL*_j iJlj^k t Ojl jS>- (_£ jJL>e-4 (JLo—*JL w*iL>j .j_S0l 

(Jy^* '(Sj\y* j\^\ dib-A l tS ojL^*_jj 

L^_>! Lo-S" «. oL-oJl *4 yzjs 700 ,j-o, S' ci *>fj 43 1./?^J1 ojlj4>cJl j^xj ^ ]g->c^<tJl Sjl 

(1916) . „ . _ . , 

^j-o 4_9j jJ«_jj J-^- o^O OL^J Q.d.~. 3 ? I JUsJj . 3j_£P oJ_P J_Lo 0 ^3jJCo 

<. (Cooling Molten Rocks) Sp^ 5jj4w> yy> Ja~>^<Jl oL^ ^Jl ojly>Jl 

• 4j j3^cJlj 4-0 jXScJl Ojl ^4>cJl Ja-0>cojJI Ojl J>- (_£ j2>^o -)3 chU-i J) AiLol’NijJ 


oU'u-Jl ovJIaa 

jboslj ‘U-^jl oLk>tO 4o j3^Jl PL^J^/l ColoLo J^”| j-oJl ^yfi 3J_P ^-< 0 >CO 

(Hadley Centre at the LJl>CI 4 i~~ol 4 _*_ol?- ySy> l^jwoj t 

3 l_o=>jbVJ o-JL^juJI iSbLo-^Jl jj&j t University of East Anglia) 

(Goddard Institute of Space Studies ^loiiJl cjL-IjJlI jUji^ i™-jo= j tUjo^Jl 
oLk^Jl jJuJ i^jJl "ojbNlj .((NASA) L^U ^ (GISS)) 

(National Oceanographic and Atmospheric Administration) ,j j->Jl oJ*>UJlj 
( J--a*vJoIa ^3 UL^I 4xal>j t4 -s5”j— ah!I ojl>icJl ojljj t(NOAA) 

t(SantaRosa) Ijjj LJLo- (RSS) J-*-j js- jL*_bJLo-Nl UoJaJ \j i(UAH) 

LoJwO t ]g 0 3 4-^pLwo^ jLo3| dolobo jU j-^?-hII tl) bcp j-o->coaJ I •LojjoLJLS' 

4ioJL>Jlj 4.G-COjUJl jCCoJ-OjbJl ColjLwJ ^Jjh/I bo*)Ujl CoLp joa->c_-aJl J-oaLSoj 


R. A. Snr Peilke [el at], «Unresolved Issues with (he Assessment of Multi-Decadal Global (1916) 

Land Surface Temperature Trends,» Journal of Geophysical Research , vol. 112 (2007), D24508, doi: 
10.1029/2006JD008229. 
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(. aJL oU>c_>j|l oULJl j ^la >j .ao- ljJa_ygj| 1 jL-sjllj ^SLL*»j\Jl jL^Ll o>UL 
Ojlj^>- ol>ji jdjjJl ^ip GISS ( JL jJlj-<Jl jl jJl ^^Ip 

4-Ljl Olk>t-a ( /ys 03^p-Ul oULJl JlA ! j_A Jlj^Jlj . La^^JlpI 

Aj2^»*_L A3 jLp cillL^. 3 ^L^-wvu2j ojl ^>Jl 4j>-j^ A^pLLs^ jl i jL«3 jll O’ Ip j^j >*-* 
lJ-Aj . ‘UP LJa. y3 j| ' jL-SjM O’ U L Aj j3 A3 j\p J A^L J jl 1 O’ LL><^<J I 0> U L ^yj 

. Jj^jJl ^yO ^wLp ^JlP 4 »Jw^J *Oj>jj|| O^LU^c-Ll CP Lo UjJ 13 l L^-UL ^j-vwJ 


U-^J ‘u^A' 


Jl ojl jS> JJ A-Jjjll oULwJl ^}\ jJa_Lj L-L 


oULJl oJ_a o^-« Jjfc ?<opLL ygjlI jL_sj|l (j-^j ^^JLL'jJl jL^Jl jJ^L* 

Aj jU jl c 6 jl tl 12 Ja-w** jO ( Jw<>^0%u ^JwAj LlLLl ^^>c-vg-j aJ_^-*_i 

^Jl oULJl ^a L-3 .aLL>c^ ^jL ^1p ^j^^ 2 - 5 * 0 ®^J ^ j-g-L 
^1 p Jwv 2 j>cj jl 3 y>rL^jj S ^>c.L ^yJl J t jJ-*J ^^Jl oULJl ^a Lj ?^jL-sjJ 
^_>tj>- Uw^uj ?oULJl JwLojJ L^_LxOj ^^JI oULa^jll ^_a L t oULJl 
c(Hadley) ^^LUa L^_>oJ ^Jl Ja^~Ll LLJl ^j-^jJl jU t^LJl oULJl 
oULJl o>Ijj j.^y* j~r* jl-ULj LL^Jl aj>coJI ^a UAHj GISSj 

. LoLa>-l L^JljxHj Lgj>c^j>c ^2jj <. Lg-UJ_*Jj 


^Jl dJLL j ^Ja-Ll ojl jS>- oLj^ 0LL3 L^° J’Jj-^ ^j-^ * lUIoa 
cjIjL^™<JI c^jSj t<LL^L>Jl 1 jLjjVIj oUjJLJl La^Jj>cj 

Jlp Jj<Jj . ( 1918 ) J ^5 jl^l ± 3 L^a ^ <d ^pLk^'yi jUiVlj 
L ZISLJI L I Lw^^*i ^yy ***Ai 0 I j I *> ^ Ua . > &» A^ - ^^* t ^w^v»^>J I ^ U L^^l I 

.La^p j . . . ^ji ( JJJ aSLUI JL-*joI JjIjJj 

^j-^o c ^a^ap- ^LpjI ^LsLl ^oLJI j^aLlj jJl jj-v^Ll jlj^ - ! jl 

j-^'j .J2L3 ^^lLI J^LjJU jl *• j->Jl oL j 3 i ^3 0 jyy> ol^LJ 

c IjL^j jl jLo jll a^^*i jJ jl jO»-l ^jj>-j jjjwO_> ^_>JJl LL 1 j I ^^l. a»._oJU 
^3 LLI jLa^j jl I L^o jl o IJ-3L4J c o jU>c-Ll LiU *o>cjjLI i^L>Jl caJ^Lo 


J. R. Christy [et al.], «Troposphere Temperature Change Since 1979 from Tropical (1917) 
Radiosonde and Satellite Measurements,» Journal of Geophysical Research, vol. 112 (2007), D06102, 
doi: 10.1029/2005JD006881. 

C. F. Keller, «Global Warming 2007: An Update to Global Warming: The Balance of (1918) 
Evidence and its Policy Implications,» Scientific World Journal, vol. 7 (2007), pp. 381-399. 
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Jl lyg,p» Ij_pJLol jjjJl (Michael Mann) jLa JJjLa aaa^ ^ jJl 

4j>c—A*^? jV ^Pj>J Lyfljl jL>cJl ^JaaJI jl ^L>-|j .(^“^-*-^1 -iJj (^-iJl jLa jl J^~ 0 
aLo ^ jJl CO 2 -Jl jl-LLa jLS” Lo-g-a ^ ^a> jl ojljj>cJl 4 j>-j^ y 3 ^y L^-^s 

C j_L>«Jl c.^Ja-A.11 ojlj->- 4j>-j.5 ^IajjI jL~J ^j-Sjal I^li jJ>cJl <—3 >»L*Jl ^3 jLw%u^Jl 

^Jaa)I jl O^^bl ojl^>cJl 4_>-j.5 oLali jl ^P t iC>tP^<Jl aJaaJI o5_a Jj>- ^j5jo-*3 

-LaJ j .^ 3 jJL*J l^_L*_>-j olJLwJl 0 j_& i o J_*jJ C—3jJl jU- jJ j^j . j/ jL>cJl 

.4j-\pL—>jj jLa ( J^5jjj jr 4 j-^ ^^>-1 ! ji>-l ^2 j-L>- 2)L-a jlSj tCJ^ ip! 

^jj_l> Jl c_JaaJI jO) ^j_p 2009 /^jLlJI jj_>LS" ^3 jj\pj/l J^slj -La) 

4-5”^j>- C^jl^CL-al La jLp j—aj . ^4-o->c_3 4_^ajLpj *L*_>t_*_>- Ljl j-^ 

Ijj-gJ^lj c jjLp^/l Ijl^J (^^L>xJl j-^p ^^j_*Jl ^ajLp^/l Ja-w*»jJ|j <.LJjjJl ^>-l>lJI 

jl jU,)[l ^i_pj . *oLaJI 1 ji^ j/I ^P 4-woJ>c_La jjaj C ^P.5 jj-v^ 

iL^ljjJl ©j_A lj jJLj ^jJl ^j-mLxJI ^J^o-xJI I-L& ^-a ^>LojMl ^jLaL> jj_^_> 

JL^jl^I ^j-o j/-L> <loLvaj>-I oLJwAj jL o-*jl^Ij (ajJ_pL*^3j jLa y$L>La) 

^_>j_L>cJl >w—L?_ aII jl C2-Lo I 4_j_o»*Jl C-oLS ”j .^j^j'yi Ojl y>- CpL-aL-3 

0-La I JAj ^Jp (J jwA>JJ ^4-J>-lLa £-L-> oLpI 4-J-A> LjI ^y>- 

oljj J_) ^l-L>eJL-aL3 C ^ I ^3 jJ->cJl 11 Ojl ^J>- *L>-J^ ^J-Ljj Lalp 50 

,4_>jJJa^oJl 2^1 lJ| Lgj>s—I? J-i oULJl oJ-& jl ^-oLo jljj-^j 11 ii 

C ^LiJl d->Ll2_>c-a ^j>_x_> ^J- 4 A.yg-ilJ OljLo 2]lL& C-oLS" C cliJ^ ^U^l 

oj_& ^j-o oliL-vwoJl -L*_i a^o (_£ y >-1 ^-oLj oliaj>c-a ojl^>cJl A^-j^ *._A> y>^ 

^jJuLs <, dj|jj—vJ ^JcJL (Harry) o-L>-lj ^*>L-9 <iaj>c-a J_ij .cpL l 2 _>e-<jI 

^3 (Steig) L^_L^-*jc-al ^Jl olJL-Jl c-olS"j . 2005 ^Ip oL>t3 -L-L>cJl L^j-p 

J^*“l ^iaj>c-a 4Lo^-Li oULj C ^jLa ^j-a L^_> f-L>- AJl ^P^l (_£*Ul <• j-o-J 

O-Awv^l cijL* j-a o-L)-L>- oULo ^-a (Ross Ice Shelf) (( ^jj w JlJl>- ^Jj ^^Jlp 
.alJI l^J 4^>-J j| oJjfe oUUli .^y>-ljLJl jl j^p -^I L^Jl 

Ojl y>z^\ 4j>-j^ «<^Lj oblpp) jl ^P^l d-->c-Jl ^/2_>c_l-a jl ^S-j^\ 


E. J. Steig [et al.], «Warming of the Antarctic Ice-Sheet Surface since the 1957 (1919) 
International Geophysical Year ,» Nature, vol. 457 (2009), doi: 30.1038/nature07669. 

«Statistical Climate Field Reconstruction Technique for 50-years long Complete Estimate of (-&-) 
Monthly Antarctic Temperature Anomalies)). 
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c J—<L*_)I 4_jjJLa 0.17 ^j_>s j! jJLj>-I ftjl ^ Jgp) ^_1 _p oj^li Co15 

(_5 ^^j^ 6 0.10j 1 j& ^3 ‘Lw^LoJl ^>Lp ^^*^<*->51 

^3 uUa^-jUl t L^_Lo-5"Li SjLaJI (3<L> jJL« 0.12j c^jj-l>cJI iwJajaJl 

d-ojj-9 Lo jj_p aS\ L5*c_^j 3 w ^ j>c -’ d)!5 13 ^3j • ^J-w^ 15x11 

iJLj* j5C t (Detrended) oUxJ'yi j_p 4_^jl5Jl oULJL IjjJl 

oL_&L_>t_j| jJS 5 ^_9 4_i_]L^3 ijL_L_kj ,^_j j_Jw>c_Jl ^_Ja_4_Jl ^_9 j!j_JLj>-I 

c_Ja-flSl ^1 ^ul (. oULJI ^wbcJ 4 j>l^u5j ^ ^ojl^>Jl 

4_>jl^>- jjj-J* (Barry Brook) i5 j^ ^jLj j_a ^JLp jLi 

(Nigh) N ol^jJl jl J^>_*Jl |j_A j_1j (AM on ABC radio) 4 _pI 3^/I ^ 
jJ>-l ^JLp Jli . (The End is Near) (Near) ji 

k : >^oJl g-k ^ ojl4_^~j3> <1)1 (William Kininmonth) d* 

1 I wt»& ^_^\_l J » ^j l A * ^ L-^wOwl ' 0 L^^C—> ^ ^C^3 wGwk^C_J I jh*»*^olj ^ <^. »s ^C—1 I 

^_Lp AM aEUL* • ^_£->j -^>tJl <»—-JgJLl' jl^ j>-I ^_9 

.cujj^JwJ^S” oLlT*J ^_3J->- c ABC _U ^y5U^y1 j-oJl 



Urban Beat Island Effect Js l y^y>x^\ Jl\ 

c p|j_^Jl oLl5Csj t ^jLwoJIj c C—LL^i'y I j tC^_Low^Vl c-^yaj 

JjJ^l-LoJl ojl^ j>- 42uJ_oJJ ‘L^'Lw^'yi «LJL>cjJl ^)-Jlj C oljLw^Jlj (. ojl^>cJlj 

J^kl-L* ^_9 ^_1_P t '-JwwoJl ojl jS >cJl ^JL)J .^LJowLoJl 

l)|j . ^UlJI SjI jj>cJl o_>lS" t jLSLJl ^J-p (jlS" LJl5j c a-JowL« 

ji l^-LaUxJ c l^-Jlp 3j_*_j d)wLoJi ^si^3 oji^ j>ji <^>-j^ oULj 

( ^^-9 a^JjVI oULJl ^c-^3 ^ jl5 U|j .l^j>c^>r^5C>-) Ls ^Ij-^i 

.4_> 154»^>JLxJl ojlJl a>-j^ ^1 (1)j5^*i <5Lj^ <1u^ 

^_9 jl 4 C^5 jj ^_9 J 0 j I ^>>cj| ‘‘Lp-j^ ^j-oL- 9 olJaj>L>J /^3 jJ^S 

(JjLo-p'yi d)wLojdl jLl^l J_*^5I J-iJ j .(jwLoJl ( /^P oJ-^*_; t oljUa^s 

4iLs5| .odjfc ojl^>Jl ^f-j^ oL*li 4_»j_>cJl a 5^>Jl o^LjJlj t oljUa^Jl 


< http://www.osdpd.nasa.gov/PSB/EPS/SST/data/anomnight. 1.15.2009.gif >. (1920) 

< http://arctic.atmos.uiuc.edu/cryosphere/IMAGES/current.anom.south.jpg >. (1921) 

H. E. Landsberg, The Urban Climate (New York: Academic Press, 1981). (1922) 


501 



A^a-j^oJlj AjLjjJl CalolS” y>^y> AjL*_J^>Jl ojla-cJl CaljlxJl >w^v?j t dJ-J^ 

(_£ j>-\ JjJalLa ^UJl OUaa-c-a oJ»£ol -X3 j .jUa^Jl AdJaLa ojl y>z}\ 

Jajj .(_£^a-l aISCJL* OJj>u ojjJj I j-&j cO I oJ-& 


Cj^J ** (fc —? J->J->cJl ^.3j_^>Jl Lw*»L._ij ^3j-oJl d->Lwk»L^3 

l)| Lo. 5" .4»^>cjjbJl daLw^LJLlI o pLJI ^j«Jl ojlja*cJl Aa-j.5 daL-*>L-s 


I 43 jjja o j^j L^Jwo <*_a j_aJL> jl d)wL« ^3 d-olS" a-L j_la ^j«*a la.] I otAa-c.*^ 

^^Jl> a_p j-s^ 3 j-* ^^L-aJI Alaa^ doLS" jJ ^xa-j .o-CiJl 0 ^-xl A-oL1 

ojjbj .ojl^a-cJl Aa-j.S ^ya y*± y?j^\ tJtA-XX^I Jpl J& y*J jU t A_oL j ya 


" l^l U JJ ^1 Ojl ^a-cJl Aa-J.5 dal J ( ^P CjLLd>cJ 0 yJ^> dal j-^*d)l 

0 j_p olk>t>5 0 j-wAaJI ol-xLJl . AjdsjJl cj! jL*J jl~o)/l jIj_v£?I ya 

^Jw31 i)\j .oUUl A>c_sZ? yo J^”ll)| ^3 0 L&.5jl y° (J-^J C y*A^ 2.11 ( Jw*ac^dJ 

^Jwo_*J C1 ^_o2j I (j j-aJI oLjw^-^i ^3 O-Lo-P I ^JLlaJl olk>ui O-Ij 

Aa-j.5 oLLj ^_Lp ‘*-'-3j-ll olLJau «do j_Sv_j ol jj-P .J^l wL>cJ 

/ ^Aw^jl JlpI ji ^3 O y>-ya y*-^ daUaac-A ^3 ojl j >Jl 


A-djwUoJi (J^JaLd^Jl J-*_i ^ld<Jl ^x>J-*Jl cJ j-4j 

.4»Jj>t^Jl oL>-LLoJl ^3 jJJJ C 0-X^Jl y>SJ Lo-Loj 4j>-j IOlXwJl 

^L-Lj JwoJl pI j-^Jl ojl j- 3 *- d->L>-j^ la *ai jJL« *LJowLo- 1| ojl ^->tJl "$ y'y>- y\ ^L3j 

100 A la. >t-oJ I ^jJaljwoJl jX5"l j-^- 3 L j vw<> -^ ^J. ^Xa-jwL> 

. J-JJ| ^ CUjI-^JA a-J^ 20 ^J} N y^>J <- cJi>- j»Lp 


y*yy~° y^T jlwLi^j jljXa*-! A^-^J 1000 L^jISwi 3>J-P jJ jj ^3 2)j^j J-3j 


(ISw-'yi) jjL Aj ji Oj^Jal Jij A-u^aJI ^ ) A^ J J| ^jJaljwoJl iL^jJL 


R. A. Pielke [et al.], «The Influence-Change Policy Beyond the Radiative Effect of (1923) 
Greenhouse Gases,» Philosophical Transactions of the Royal Society of London, A360 (2002), pp. 1705- 
1719. 

R. K. Gall, «The Recent Maximum Temperature Anomalies in Tuscon: Are They Real or (1924) 
an Instrumental Problem?,» Journal of Climate, vol. 5 (1992), pp. 657-665. 

CCSP, «Temperature Trends in the Lower Atmosphere: Steps for Understanding and (1925) 
Reconciling Differences,» US Climate Science Program (2006), <http://www.climatescience.gov/ 
Library/sap/sap-1/publie-review-draft-sap 1-lprd-all.pdf > . 

T. R. Oke, «City Size and Urban Heat Island,» Atmospheric Environment, vol. 7 (1973), (1926) 
pp. 769-779. 
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4j jULo f-lddJ I ^3 4Lb L^j j3 3.4 0 jl JJLa I j 
(j-LoJl ddwO C Ul jJLm* 4 (_9j-*'* 1 


. J 4600 Lgj-SC-vo ^i] 1 


^ij .L^j ^ \l?.^>c-^J' d^L^Jl 

^3 l^ .-^.d; 5^Alikll <dJ2J>-jJj . <UL-LoJl Sjl^>cJl Qjjy>- j\ <L)ISC-*JL> ^lalSCoJl 


^3 140 j->tj 0-Lo-4> 4—*lj,5 ^3j . IS"1 Ja —*>jj c 

^j-wO Lo-Lo C Ojl^ j>cJ| <d>-j.5 ^3 IJbljj (j-LoJl ^3 4iaj>c^3 100 d—Lo C LJl^L- a<I 
-La^1 ^j_> jJ^ ^JwwL>o j«jj . ojl^>cJl 4 j>-j.5 ^3 ]j^xj <L-LoJI ^jL>- (J^ILo-^I 
4 ^-j^ J IJb-Li ljL>Ll 31 la jl (Urbanisation) j-UjJJ 

vJLJl oULJl jlpI jj JU-b lJu* . (1932) £ k_Jl Jlp ^~Jl Sjl^pJl 

3-Lp j jl>Lo <J-UdU d->*}\j-L*-L ^ jJb ^ J C L-j-LoJl O-L—a t oLp CjLdP^b 

100000 ^j-a ^S"! L^jISs»-*! 3-Lp o j~~* li^- 4 ol lljL t ^^>c-Ja 100000 <l)lSwJl 
. { J^ 1 S> c-d 100000 ( /j-a J-s! L^_La J5" (l)l5s—a 3-Lp <1)-La O-Lp ( j-a ^A ^ 2 _>c-d 

^Jl l Lyg-> I C 0-L>cJ ^2->c_-Ja 1000 ( j-a ^31 l^_) ISL-a 3-Lp I (j-LoJl O-J LS" L^Jj 

^•Jg-*-a ^3 j_v2J>cJl 1-Lg.J d->*)A_)-L*J (_£j.->cJ ^ 4_)l C A—L-LoJl Ojl jS >cJl 

<1)1 4do-LoJl Ojl ^>cJl 0 ^j_Ss-o->J C*Jl*Jl ^3 Ojl j3>cJ| ^j-aL-3 ^S"l ^»a 

j-oJjj C (j-LoJl ^3 ^_)L*Jl <l)l3L-a ^j-a -L>J-» ( jSL*^j <Jlj_> Nj .^^-Ol Lo»3j 


*°J 


|^>J| 


^rj-> cr* 

l_J^>-l3 0-L-a3 ^r-)g..*a Ojl <d>-d^L-aL-S <1)1 ^Lo-L^Jl 


lij <d—>- d->l jUa^Jl <J &j>- <l)-L<Jl 


-p- 

ij pi -LaJ 


Ojl ^J>- iL>-j^ d 3 L-a L -3 <J I 9- LoJ-*J I ^j/2-XJ 3 J j J 
^i_P C L^J>- >A-v^| -Lj 1 ^3l ^-Pjl^-oJl .4_l_SUdoJl CLj'^uJLxj 

^ytj»j t (Urbanisation Adjustment) k^^jJuJI JoJj<jJ|i) tjLL<Jl 
JjJU<jJ|))j t (Time of Observation Bias Adjustment) «ojL><^w<Jl 4_la_^*>LoJl 
J . (Homogeniety Adjustment) # 


K. Hinkel [et al.], «The Urban Heat Island in Winter at Barrow, Alaska,» International (1927) 
Journal of Climatology, vol. 23 (2003), pp. 1889-1905. 

S. Torok [et al.], «Urban Heat Island Features of Southeast Australian Towns,» (1928) 
Australian Meteorological Magazine, vol. 50 (2001), pp. 1-13. 

A. Block, K. Keuler and E. Schaller, «Impacts of Anthropogenic Heat on Regional (1929) 
Climate Patterns,» Geophysical Research Letters, vol. 31 (2004), L12211, doi: 10.1029/2004GL019852. 
A. V. Velazquez-Lozada, J. E. Gonzalez and A. Winter, «Urban Heat Island Effect (1930) 
Analysis for San Juan, Puerto Rico,» Atmospheric Environment, vol. 40 (2006), pp. 1731-1741. 

J. D. Gladstone, Viticulture and the Environment (Australia: Winetitles Australia, 1992). (1931) 

T. R. Karl, H. F. Diaz and G. Kukla, Urbanization: Its Detection and Effect in the (1932) 
United States Climate Record,» Journal of Climate, vol. 1 (1988), pp. 1099-1123. 
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LJuwUj j j5\j -Xi 4ju wLoJl yja ya^I j]\ ya *)J li t ^LJuwLoJl j <UjLjJ| i yj\-Jl}\ oliaj>c^ 

If! y3 y£L<*j jl A^>i^>c-s^ CJ jCj_*jJl o jjt> O-JIS" jj v_3 j*j j/j ,4j ^JlJl jl i_4 j jJl 

A*S"j /1 0 Aj>CL<>J I CljL>'y^JJ 4jjJwwsjl ^Jg-^vJI Ojl^>- **24 L>-j3 j2*a jjj .L&.5L»2p|j 

jl ^*P . ® ^vO U>cIXoJ I ^JjwXxXjl^ ! If^l 4_LLi ^J>L,.yaj 4»Lo**J jP 

^IfjL CjULwJI ( /^P>C-Jo jUa_30 ^ ^ j LL>-^C2^3 

.^jj^JL*Jl jjjjJJ 0*C>-l j 4j yja 4j>- j3 ^J»31 £_Lo ^JjAxlll J-*_> j*X2*-a 

ojl^ j>- dj L>-j 2 j c L^oLJl ^Lp *u»jL£ oLLJ <Lo j/g,>-l c2>Ldj3 cj«j 

JJL)j .^JLpVI ^Jl ojL>c_X>j *Lw<Jl*Jl ^Ja-wJl ojl ^>- 4 j>-j 3 jl P ^>e-Jl £rja ■>*> 

o-j^- 1 j L>*S" . 1869 ^Lp *a_l« Sjl^j>tJl a^-j$ dj L*»L3 .i!jj_>j-o ^3 [Sj ^H LL" 
JLw^jI oLxj pLo [lJjj_>j-J ^J] (Central Park) 2JjL JjJL^Jl oL^Li 
C1919 i-L-w* ^Jl 1909 ij_ ^ (64j 63 ^-PjLL ^) (Arnesal Building) 
^^Jlp (Belveder Castle) ^_>wii_L j *0 S ^ Laj^_; L»j 1920 j»Lp cioj-^lj 
( JwP>c_*^J ^3 ajj_*^jJI oJ*c>j jjj .(81 st j 79 th Li <_j^JLl L>) y*yi^j I 

4_iUaJl JL>^jl^I wLjIjJj c ^ISLJI j-ojJlj <• 0 Xa *ujjL>c_x>Jl oLLJl oLp 
*2> -X3j .LLiJl ^0 I Jj>- LJLp 4j>-j 3 OwblJJXoJl jj j^oJl is" jA~-J C wXg-ljJl 
o*>LJl ol jO*JI jj\J>- 0 16 *lp>cjjLJI oULJl ^ya ajoJI ^3 20 y>^ 

^l_p) ojlj^>cJl ^3 L*j2jUL>J l olj-^kjl C^tJolj c ^uL’LJl 

.(2006 (>Lp cr J^l/^T cjLJl 


ol jj3 ^3 ojl^>cJl c_LJjJ c ^j-w^Jl <^j>t^_L^Jl ( j_ JaJ LJJ-P 

jr^ (^J 


( 1937 ) 


1998j 1943 flp 


USHCN Version 1 and GHCN Version 2. (1933) 

R. R. McKitrick and P. J. Michaels, «Quantifying the Influence of Anthropogenic (1934) 
Surface Processes and Inhomogeneities on Gridded Global Climate Data,» Journal of Geophysical 
Research , vol. 112 (2007), D24509, doi: 10.1029/JD008465. 

R. R. McKitrick and P. J. Michaels, «A Test of Corrections for Extraneous Signals in (1935) 
Gridded Surface Temperature Data,» Climate Research, vol. 26 (2004), pp. 159-173, and «Erratum,» 
Climate Research, vol. 27 (2004), pp. 265-268. 

J. R. Christy [et al.], «Differential Trends in Tropical Sea Surface and Atmosphere (1936) 
Temperatures since 1979,» Geophysical Research Letters, vol. 28 (2001), pp. 183-186. 

Z. Zhou [et al.], «Recent Studies on Attributions of Climate Change in China,» Acta (1937) 
Meteorologica Sinica, vol. 19 (2005), pp. 389-400. 
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4jU>J| ^3 80 — 65 ^JljJ>- AJowLoJI dJ Uaj>c^ ^3 ^3 ^Jj^LoJl jlJ^*-^! 

jlj>-Nl ^ iuJl J 61 Jl 40j c2000 ^Ipj 1961 ^Ip ^ J£!l jlj^Ml ^ 
Sjl_^JI O-Jj ^ J\ olili .Jl Oj^i JLi , (1938) 2000 ^Uj 1980 ^U- ^ 

J^Jgljw* ^3 C—Pjj bjjjl ^JLlg «Llaj>c^3 13 ^y~Jj .owLjwLjJI ^Jwv2jJl JglUa ^3 

^3 Ijlj i3l-LA jl 12004j 1961 ^>jLp ( j-o 3J3 cJj\J>- 4jLLi>t>j Aj-baj a^sIj_*j>- 

^_3jJ kJl ^3 Ijljj c ^j^-^i'yi 4_>Lgj JaP cJ>b>“ ^>c-Jl ^ jd~*A Jax-sZ? 

^j_^a ij/l 4_>l_£j 4_Iia_P ^JLlg jjj C 4_> J" ^oJl ^j_-_^A»'yi Jl £->ljJJ <U~S”l*_<J| 

^3 APj-^Vl CjIj-^JI 0j_& j j_S\j Jl3j .3_oL*Jl ^Ljl ^ ^jj'j jbl jJg-o-a 

. (_£^JkJl JgLjjJb AaL*^oJ| obbjJL Ajil^da jjJl jljjJl 

ojl ^->Jl oL>ji <ij\j^Jkj ^1 j Jl j j_b>-LJlj 1PCC ( JJL5j c-*_L^L>c_j jJL) 
c2007 1PCC ji .j-LojJlj t^j^?j'yi cJLo-*jl^I ^3 j^ill 4 j>oIjJI 
((Jones and Trenberth) cJJ J j J y>-) vlJbJl J^JJl J ^Ijj j JJj JJj 
J Jl J_& |Jkj 0.05 ^yA JS" I ^ A_Jo wLoJl Ojl jJ>cJ ' 5 j^Jr Jl o' 

JaL>cJ alSC^j Jj t yjj->- <l*J3 (_^dJl 1990 ^Lp ^3 Jo^jLwd ^jJl 
Oj_>j_^- Jl ^j_p <L>J^dd ( Nature ) 3 « « . la )l JjjjJl ( J 2003 j»Lp jJLv? <L^>^-> 

. 4j J>3 4j>-j^ 0.25 -j ^J^l ^J-P AJu^UoJ I Ojl ^>cJ| 

ojl j >Jl J-j^ 0UL0 o JIiu^jI 

IjJL^-i ^bjl ^jVl *\J-& Ojl yj>- 4j>-j^ ja ^Ai J-^ 5 j| (_J^ 


0.06 


J-i*Jl ^3 AjJ j> *L>-j^ 0.19J 


( 1942 ) 


^j_>^Jw*Jl j^jJI (Jjb>“ JJLxJl <jjXa 4_>-j^ 


G. Y. Ren [et al.], «Implications of Temporal Change in Urban Heat Island Intensity (1938) 
Observed at Beijing and Wuhan Stations,» Geophysical Research Letters , vol. 34 (2007), L05711, 1029/ 
2006GL027927. 

A. Sanchez-Lorenzo [et al.], «Winter «Weekend» Effect in Southern Europe and its (1939) 
Connections with Periodicities in Atmospheric Dynamics,» Geophysical Research Letters, vol. 35 (2008), 
doi:10.1029/2008GL034160. 

P. D. Jones [et al.], «The Effect of Urban Warming on the Northern Hemisphere (1940) 
Temperature Averag q,» Journal of Climate, vol. 2 (1990), pp. 285-290. 

E. Kalnay and M. Cai, «Impacts of Urbanization and Land-Use Change on Climate,» (1941) 
Nature, vol. 423 (2003), pp. 528-531. 

J. T. Houghton, G. J. Jenkins, and J. J. Ephraums, eds., Climate Change 2001: The IPCC (1942) 
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( _jJJj 1940 aLp jjw^ JLsj . 


( 1943 ) 


1998 


(.Ip ^1 1979 (.U Ju^ 


a- ^ ^ r^' 


jlliJl 

v_laJLlI J 


,1998 aUJ 


^bJ jj 




ULo 2)1 j+s* .2) ^y 3 >A>-i jJl JjL*J| 

c2000j 1996 ^^jjIp fj*> jd>Jl i-Jaiill ojli UU^> W^j| O j$>\ j^>Jl 

^3 Cdg*c-Jl |j_A jJjj-a JjJLjJ m<mj3m i j-^*Jlj CJL-ygJ 1 dvgL>c_>j 

‘Lw jjj <Uj?Ij>cjj C jJj>J| twJgj3.Il ojli 31 ^j| )) ! <d>- jJ>cjj 4jL ^Jgj 4^wJgJl 

oULJl oJ»& .^^LwJl ^UgjJl ^luJl ^oUjJ oL>Jj>cj ol 

.Lil^jjs dJd&.5 2)^J IJ JgJas djLjj>tj 

yj* 4j^->JI ojl^>Jl ol>-jjJ *y4-Jg.xJ *l-pLJ g-yg^ I jUi^l ,ij>' 

djlwJ Ji CUwO di J .^^gj^l ^r-lg.A.j ^Jp I jjljJUs L*jj jj 4_Pj jjJl t J-* 3 jJl® 

2jL>- j jJ 

LwoJl ;^oLo-) *L*_3 qdj LJjj f^-i P Jl , J_P C (^£j«L*J| ^jI J-dj'yi ® ^jL^jjjJ ^jJJ ^ 


t—3 Lvg j I jL >-1 ii ^^wJ (1) I ® *L^P LJg-yg ^ I j l ^3 VI ® y/» «Lw<J 1_P 0 j I j2*- 
^UwoJ I 3 U-, jJo U~a |*-P j-^ ^ ^ 

jLw^w<>Jl ojJL> djLw*>LJL> ^pUg-^NJ 1 jL^'yi d->Lw*»L^3 td— o-p^ -Ls j .4 _&Jjl>c^J! 

( 1948 )( 1947 )( 1946 ) 


' L5 S0^Jl 

J 1—w^vwoJ I <lJ l_J jJ l_> 1—g-X A J_3 ^jJl Ojl ^_>cJ I <d>-J.5 tjp l_J L*J 

C JJJ ^-J I ^-L)J CpLjL—) ^js ojl ^->Jl 4 j>-J^ CIjL^ L>e_) I 

^Jg_*^Jl ojl^ j>- djL>-j^ ^LL»jl wLlp .atajj)) jJL^j'yi j->j 

c oJLwJl c.A-vg-3j l^| IPCC ^oLo-j Jl jj-oj . w^Lw^JL^JI 

jLo-s^yi oLw*iL^3 j| (J^ j .oMjjLs'yij o^y^yi 'y j_; ^<>-^jlwoIj 
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(1950) 


^3 oLjJl c_i-JLS\j Lgjli ^JldJjj C IjL^jI Ojl jJ>cJ| d>-jjJ dpldJa-sZ?*)! 

oL&L>o! oldJLaJ ^_p^J l ^Lpj 

dJl yjj jl Jl t*j>L>c_>l ^-Jg-^3 


(1951) 


<d>- wddoJ I j_> J ^di I Ojl d>-j3 

dJLs c^Lijj'yi ^0 ojl y >\Jl d>-j3 

^d'‘J-:J.d' jlr^' j! 


d>-j3 JN-Cdj JwpL^vO c ^ddd ^JwO-^JI jjj <• aJwJ- 3 d->L>-Ldd>L> ^LJLJl ^j_^o-> 

(_£ jj>Jl djUJl ^-£3 ^ d~JL<Jl ojl ^>Jl d>-j3 jL>^Cd>l ^yi Ju ojl y> Jl 


(1952) 


^rj-> Jg..»-*> jdo ^-*3 


dJ-*JJl ojl y>z .Jl d>-j3 oLaIj>c_jI dw<jL*Jl ojl y >Jl 
jl jLwJ d-j , L>jj d2>l_>^_-3 <dj>jl .^_L>c-oJlj urd 3 ^' ( _^a-JI oli 

jl ^\ <Ls.yg_3 (^Lww*! ^3 jJ dw^-Al d->l3 <doJLp Ojl ^j>- <d>-j3 iildA d—*^J 

Ojl ^J>- *d>-j3 ^JlJjLj dl ^j-^-° jl < L*jL*/2J>- % )} I id L~J jdJJ ^SJo*jj . j_^Jl 


t t, t (1953) 

d*_^JaJI O-wvwJj . v. 


-> L*j±*-Jl d. 

.jiso'ylj d^uL^p-^/ij 


A-A 4_p j_^»J>c_^J 3I ^jdlj J 

, dj^>dJl IJL-Ij3 ^ 


d^l5 


^1 ^ JJd5 2003 Ul-* ^ LojjjVI Ojl ^->cJl <d>- yjO 


<u| IjJlij c oULwJl W ( j-wws^ 5 L)jJI s-Lo-L^Jl { jyP-*-i .^j jSJl 

ji i jl_>i j_» c o^jLJi ^i j^'yi ji dw^wj_3^/i oji^_>cJi 3i_oji sj-sjj ^j_$ .JidA 

.(2003 — 1979) IdA IaU jd^pl 0 ^3 J *• j^23 ld> 


2003 j>Lp duLwa 


OjljJ>cJl 4j>- j^j CdjLS" ^J_A^ . j_A p. ^ 1 'j-*-* 1 

d3j-f-tl jJli .dUi ^ M ulJ-^fJl (jL-w- j- C-^ 

d 0 j_aU? jiJldA jLSsJ LjLs^.^j dj^Lp j^p idols" ojljj>cJl dp-jl dULJl 
^il3j 3 jL> ijjd c jAJ3 diLj’l .2003 dj’j'yi 0 jSsJl o-aq2j ^3 
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4j>-j3 Jg yLa 43*)\_P yli-lllA ^*wJ * 2003 ^_>cJ>- jjUo ^UgJo V)J J_)wLJo 

jl *^$l3 3jlj> 3j^“j ^r°J ojl^4>cJlj ooo^.o. ^ Si) o^SLSl i—dy ?') ojl y>- 

L>-Loj '<iy*^ (^° ^djS^>cJl djL>-Jjljj 5jSU ^_po i3LxA t 3 jL> 

j-*>Jj y>-\ ^JgLw« O-JLS" c2003 ^Lp y>- 4_^-j^j Li j_p C-oLS" 

^3 ^g^wJaJ 1 j*J*s>}\ d)l 11 a J5 L)LS"j jj* j*s* S^jL olijLi 

3jwLJi ^3 ^51 4_^Ow^l (1)1^ ^ Jg, ; <LoLS" ^_<Jl Oljlulj'illj ® ^-' w ° (Jj® 

(1)1 ^j-wo 1 j_&j • t j-> s j-Sl (_5 -3 1 -*■^ ; oL>c_j1 jLS 1 iLw^wJ-sj ojlj->- 4^>-j3 

.<U^>JLp o^AlJgl ^(1)1 4*vo-33^M djl^-oJl 



ji^->-1 i3i^-A.<L*-pm.*i/g*yi jLg«3*yi d^L^L^ ^a ^^++*£- <lJ»l*ji e^i'>—-^ l>-! 51 cJi 
^ ^<• 4-w V gj % y 1 o^iLU JU-^Jl cjL*aJ 1 j jiJl j^*-ljl ^ J^-yg (j j£ 

jl jjn Ug (J^ jlJ^>"1 iillA ^j-m-Jj t 4-wygj*yI a^iLU ^ J^j^JLjJI j^J lll jg*-ljl 

.J$^i^SOJ *1^1 

^3 LpUjjI Jw^^yi ojljj>cJl oL>-j 3 ( jyg-3<-j ( Ju>c-w*J c ^j-^1 JJ-tLl>J ^3 

CURLS'j .(1)^JiJl ^3 JJLp ^g*-l 4jl IPCC OPOl (JU^g- t Jj_>j_JL*Jl cl)jJLll olj~-*_~J 
«u>-j 3 58) Lw^J ^3 1922 /Jj_1_j1 13 ^3 4_1_>c-w^j ojl^j>- 4^>-j3 

»2^o3) 4_j4j>-j 3 56.7 C-ol5" <u5"j-w^Vl oJ->cJLoJl OLNjJl ^3 ^1 p' y 1 j <. (A_) y^a 
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5) 45 IjulS" ^Sfl j (1913 ^U- (Death Valley) 

oJ-pooJl oLNjJl ^_3 <Lol—«^Jl J-jjJl olj-L,^ o-jISj .(1937 /jj_0> 

oLNjJl ^ (1936 _ 1934 ^ SjjJJl ^ 1920s-1930s) 

^jjq y>-\ I jJLp olobjAlJl OoIS" Lo-jjj t Ol^bl^Jlj Ijj5”j <. <lS j^s'yi SJ-pooJl 




<jjl j c o j L>- o^L>- ^o-j Ul jO^I ^ jO <. > 

jl<>o ^3 jLbs-^JQ bJl^o'yi 




J-*ai 


. ^JL)I iblo~^*J cijLoj>c-k^ c o^I>Ip 
^^waJ jlSj .^/gxJi l^_v2-*_> ^_oJ ^|^j>c_> |j»& Jbj *bll^yol 

. 3 jJL*J (Jo jj >cJl o>- j^a Il*JI oj_& 2009 _. 2008 

ojl js>x .Jl o»*_L> c2009 jj lj-^-3 /JpIo7 ^3 LjjiSo ^ 4 _?«j>cjLJI jpl^>31 oJlSj 
1800 ^iS! (3j-^l Jiij . <u jJ ^Ljj jJ t jlfJl ^3 o jOj o>-j3 47 

^j-o o jJ-« £_>jl oUoJ jlJJLs c jjo* 

^j\-P^[l . J— s/2-i ^j_P Jjjl j_>c_Jl ^a-*-J 0-l—*—JM J-3j .4_l?jL>cJl 

j^Jl jl jUI oJ-& <OLw2-ll ^P>cOJl Jpl ^P*- lJj jJs? ^jOLwJl ^wfi_L*-<>Jl 

c L)jjjSo jp>cO J5l^>- ( ^p 4jjLJ>-| La>3 Cj 15j . jlw*u j/l o^*u ^jJl 

(Queensland) Jj'y^Ojb" JloO ^ oUU^ij ^jIovpI jlo ^_p Ijj-o 5 JoO 
oS^^s'yi oJj>OoJl oL'yjJl ^3 o3jjJl o J_> JO <0 >c_1j uJ-^ 1 t ^JjJl ^lw*»jlj 
(Professor ^oJ-> ^Jl dJJ->cj oJ-pooJl IjjS”^ 


^_jI j_-_3 /JpLsO 7 ^3 jL>cOiVl 3-^1 j-*~ AjjLS" ^j_p aJIj jj 


(1955) 


Geoffrey Blainey) 
: Ju U Svsli 2009 


^Jjl^ j>- ^J2L° jL>cOl ^j>- llLjfc ^ LOljjIj ^3 

c i ^c_i I 0 -^J • (Jj')/1 jJl ^l_3 Jjl <l1p C 1 85 1 j_> 1 j_^-3 /Js?Lo 
4_JLo—jJl jJl OoLS”j .(Jj-j^>cJ 1 o*->c_j Ljjj_SG c-g-yaJ oj o>J-> ^jJ 1 

(Bass Strait) JoU>-jJl ^jA lb J-O-P 4 '-*3lb £j bl> jojl 

^ o5b obis’ (Devonport) ^ oJObj oo jl 

J_*_> L« o jJL3 Oj IS j . 0-3 j I J-3 ^Jl*Jl IiL^j jl ^l_Jl jJii tjO' <-A 
o j^jJ-<J| ^j^>->cJl jj_oJl OoLSj .Ljjjbo ^3 AiL>- JjVl o-oJL*Jl j jb>Jl 


Herald Sun (9 February 2009). 


(1955) 
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js\y>- Jij . 1944j C 1939 <1932 <.1926 <1919 ^ jl>^l 

^3 jj_Lo-*_> I^jU >JjLp 14 ya \z.A 3 jjjsLp C JjJ-l_P AOOa ^3 L>c_>j C 1926 
/JLo ^3 jL>c-Ji'yi Jpl^>- ^3 Lj jJo jlSJ* 50 ^5*1 ^J^3j .ajLJI 

/^yUl 0j_>LS" 13 OI A_*_^->Jl ^j_> jSy*j\y . ^L*Jl jU j_>lj--_3 
dU a_> l_^_> ^y oL>L*Jlj js >oJl ^jO>~l Lo jjL>c_j d—^>- c 1939 

70 y> ^£53 o^Jj ^ ^Idd-I o y^La 69j t 1300 j->cj JJls j c jU2& jJ-a 

.Ajjl dU ^3 L>jjI^ 3 jlSL- y* 

A-w^J^l 3^S\Jl y ^J>Jl ® j^JL^ jjj y} I ^ djllLu y~^ 

Ojl y >Jl Ja_^*i^JLa .ijOO jl 1979 ^Lp 4^—pLJ a-^?V1 ^l—o 31 OO 

(>J-P jlj .^-Jcd M Ojl^>Jl jj c ^jJJ ojLooj .j-i^aJl Jj->- *—■> Jj5_2-> 

JdJl ^Aa^jJI a-w^j^I oj50J ^l>JI c-iW2jJl jlU a ^ 

Oo^->-l jl -Oa A_> jJL« A^-j.5 0.5 oj|jJLa jl yi>-\ JLl& (1)15 dO^>- W>j^l oj-50J 

jL o-3^ 1 JjIJ jl ^P .y&y jjJl L-aiL j ya jl y^-^ 1 I J&j .d^L-AiLjJl 

l jp jjj .L-JLp ^*J y j^Jl jly?-*)} I jl y~^ ojl y^\ a^>~jJ a-^p J1 
1979 yo A-w^j*)! I o jS3J ^JLo-jJl y ojl J>e .Jl Aj>-j. 5 ^3 C2oU ^4 -AjjI 

odd 2000 ^Jl 1979 1 jojl^>cJl aj>-j^ j»ji ^j>-jLl>j . 2006 

jl Aj ya A^>-j^ 0.5 j^>cJu jl^J>-j|l l-^J ^ >tJ ® 

•c5j^' ^^2 jy>j J? 

jl ol y~oy j-^^ oLw-Lj o j ^ I?l j c 1998 j_l« ojl^>cJl a^>-j^ 1 

cC0 2 j-s-S "^y ^jjj'yi 1940 ^Jl 1890 ^»Lp yo 5j|^j>tJl aj>-j^ ^AjL>jI 
jLS" 0-3j y j J^2j>- 1976 j>Lp 1940 ^Lp -XOj ojl^>cJl aj>-j^ ^jj>Li>tJl jlj 

J-aS" olj-^lll ^jj/ ojl y >cJl A^>-j^ ^3 o!j^klJLs C0 2 j^S”jJ A-^3 

. t ^ A»V«.^-A»V»J 1 C0 2 

c 1998 ^Lp c, a_3jj jljjj>-j/l jl oJ_>»jLowoJl A_5jLowoJl ^y ySy jr° 

(Rajenda ^jjLjL Ijll>-I j JU ^ 50 ^ .^_iJ yJ C0 2 Jl oUL^-Jl yS J j 
L^-jjj -0^1 LfJLJ^ (^“'j-’ jl IPCC yyj ePachauri) 

jjO *L^>-loJl A^^Lwsa^JI ^\Sju\ IjIjj jiJ^ y j oLLa^>J| A_3^l 


< http://www.atmos.uah.edu/data/msu/t 21 t/tltglhmam_ 6 . 0 p>. 


(1956) 
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I -- \ <r (1959)(l958) n ~ nn t, (I957) n - 

^ LP jjlj ^3 Lo-S C 0.300 0.265 ( /^s Aj J_*_i 

^9j C A3w\Jl j>Ua_} ^Ua_p| Lo«jj t 4_*_^-l^oJl o3_& • 2007 

^_3 AjjL^^oJI 2)| . Lw*> VI j -^JLoJl !*A_g_) L*_Jl (J^_>- 

tIPCC J A>^)S”^oJl ^-I XoJI A^aiL^>- AXoJl 50 oLj <—~^*o AloJl ^9 13 

jjjJcL) ^3 1995 J_La ^ J.+/5.A J*S* AJLoJl ^3 70 oLjJj A^>c-fiJLL<>J 1 t IPCC -J 

jL>c-J A_*_^>-l j]\ AjJ_*2l)I *^>- ^_9j . A-*_>-l ^Jl AjJ_*2l)I ( J^*L*J iSJ ~*IPCC 

iSlkJl j! ^jr^j i U960) J1 J^] L> Jb^l _p! ( _ y lL‘ IPCC JjfcUjJ if-LaJl 


L ' V wJ Lj ^ yj& ^ ^ l»P C ^L^wjw^J (_0^ ^ I ^ JyS 0 I 

. (1961) iol>ol Lgjl 


>Lwwvulj CO2J <• *LJl jL>c_> ( J^£ , Laj ^3 IPCC I^J-Ujlp! ^xJl ^oLojJl 2 )| 

^UaJ-JL 4J j_>c-J ^3 c_ a *0 * \ a ^3 I A3U2JI 

Ajjj l c_ 3 L*_v?Vl 4 _*JL-<jIPCC -J ^IjwoJl j! A^x^Jlj 

. I JP (3(3 ^y£* I p Ij 0 I ^ yA I U 1 ^ 

a!_> y& oUL-> c 0UL0 00U3 jJj ^LJLlI ( /^p L 2 >j-p 

j! ( 1964 ) 1 j_J j ^I jLo_j. i _ sr i (Armagh Observatory) ^Lo J\ j_Al 
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UjJl (1)1 ^P c 4^<Jl*Jl djUg-^>jdJl 03 d-*JlJjl LudJlj (_£ j.*/3A I' ojly-Jl ol>ji 

Ojl yJl 4j>-j3 4_>c-dJL dw2j2_>-J C ^ y*./2,A I' ^jA IpL&jjI id-*-<2jjl l^ -.A 

^3 1885 jj-a ^vw<>-aiJ| ^jJolaa oIpLwvJ ^JlSJI 3J_*Jl ol jJj j-Jl 
^ j^a ^y?Lj_>cj|j 0^*_JI ^4-iJjl 0 s jJ j-~* JA_aj • O-^j3 1 *l*_;jVI £_s!j_oJl 

.iw<> jJl Ojl ^>J| ^>“j3 

8 — 7 ^04 d4jJL9 (J*)Li>- ojl^y*c_Jl <d>-jJ_) ojjLj dJ j j 3 ilLdA d— jLS” J_aJ 

4_>j_dwJlj dwj_oJl dl—wvJ—wvJl L^Lp 33 _ 30 j (. L«Lp 23 _ 20j t dJ 

dJ33y_> oljjjJl 0 3_a .Ja.s ")jaj . (Armagh) ^Lajl ( y4 <L>j_>tJl 3Lvgj^U 

^3 ^>Lp*)\J dJLd_>L ajj^\ djL*_9jdJl ^j-o j-^-5" L5j3 cLULLAj .^-ws3Jg'yi jLo-d 
oULJl ^jA 0*4j ^j->3 J_L>dj LoUa_>j_; ^3 A_>jj>cJl 3l_v^jVl <—dSJs 
d^stAp} olf-Lvg} ^Jp oULJl 0 j_a ^J.»/? >c^3 c ^Lp 100 ^j~a jtS I j-P' 

J*-£j 


05Uj <d_*_ijJ 3 0J 4 J 13 Ijd4 ^JLlgJl ( /y 


-VI 


*>lji oi^wJi d-~~J 

( J2L4 t <Lw^wJgJl oUlo^JI (J^L>- ( /ys J^2_sl ILa j^^JsZ ^j_5Lo-jj C dLdjJl 
dpLJa_v^Vl jLo-sVl olJLo cdUS dsL2>J / c3*>\jw^-Vl 

1 I jlyj>-l d3LAL>c_>l jjL>cjo V ^j_>cJl j!yj>-Vl oLaL>oI <jl J-LgLwoJlj 

aJ^c jl J_>y ^y>&Jl ^J*A*Jl oL>cJl L)l dd$jJl 05 Lo-> c_3Jgjo L>do 

d^Vl ( /^3 j-d5" 04J IPCC 0jLd 04 ^y? j3do oJ_^_5" 0jLo 2 )}j CtPL*_Vg| 


0 l-LoJ I j-^xJ ^3 j-o LJI V j . IgJ 13 o L LJI 


p L-L-l I 


. CO 2 oULcoL ^_SL>e3L jl <u_*_3g oLLo-*j 

^_L*_s ^ LwoJIp ^%wJ ^_»j_S\Jl jlyp-'l/l 1)1 0 ^JLS" dLd^l illjp 

^3 Lv 3 olk>u3 L>J ( /ys 2001 — 1958 ( /ys CjLL^JI ( JwwL>cJ c 3Ld>Jl 
44 Jl 0 y3 cJlAi>“ Lj y~*> d>-j3 1.29 _j jjL 3 !y_)l JLwA oLS" <ll wLlAd<—3 jJj>- 

.y>-l l3lj-d>l jj3lytAJl j- >c - J (_ 5 -^ 0 -L—I ojly>- d->L>-j3 id- 


U5 , (1966) Lu 
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3jJLp 4_x_yg_> cjLo-Ji Ob.SjJ ^3 CjIJo ^1 ^3^1 |j_A J^LaJo j 

*L>-j 3 OL-L3 Jbjpj . j£* wLJ j>- 4j>c_jLs^ 3 ^_Lp cJ5^3 Lo-jjJ C 4-w^L* 

jJ*) bj ^*Jlj c ^ jjj>cJl J^LJl (J <^sj>^a 13 oL^Lij 1784 Sj|J l 

c ^Lp 3 jjl 1863 j>Lp <1)15j / } Sjl^>Jl *l^-jjJ J-J->cJl J 5 j-^ oLL^>- 4 j>c_v^ 
jL>c_4j1 *l 3 ^_£jJl AJL*Jl j-&j t aJLp 3 j_>1 1820 — 1810 JJL*_)I d)L5j 
0^JlJl oLjwJtAj 0^15 LoJwo c 1941 p J15 ( J^>c_*^w« ^Lp I 33 I d)J .ljd)l5jj 

3jjl ^yi j-2L*Jl (1)^JL) 1 ( j_) JJLp ^>-1 (1)15J .^jjJJLp li.il <JLLooj1 j ( /j_>^JL*Jl 

4_LsIJLJ| 0^JLijJl JwL^a c_3Lv 2 jl^_3>-l ^_)j .Lo—g-J SJLjLw*J| 4JL*^Jl 3J_JL*_)I 

.oLwoojVlj oLjwJtAxlJ 

?bl<^ SljlJLa ojl_y^l ^5jiGl d)l5 t ^Lp 500 (__£wL« 

Ibl 4_)l 4_Ul wLo^>tJj C j>Lp 500 jJ*. *p.) I ^£j-J->Jl j_*/2_*Jl 4yg,3 115 J-43 

.^1 ^Jo'yij jljjL^-'yi 0 ^r~5 3^1 ^3 2JLl& 0-j 15 t ^>Lp 500 (_£J-a .o'yi 

ol^3j ^ -LjJ- jJ 1 3 ^Jl 0 ^i5 ol ^3 iil^A dol5 c ^Lp ( /^o*!)bs 5 ^ 

^jJl ^3^^3~j*>\Jl j^pS' ^3 ^5^ ^liUJ .f-^-ijJl 0 jzS 0 j*+p,$ 

. ~L*J 4jjj 3 ( J^>5s : > J 


0jjuL* JjL-ujj ojlj^cJl Si jxa 

^yJl S^ojVl L^j oJ-p (Proxy) 3^-55-* ^p (Jj-^ 5 Lj* 

(jL>cJl jjt> b>b"j . 1860 ^Lp ^Lw^LlajJl j-3s oL-a>L3 

. o 5& (jli C <U^J»P 

^-UaJl jLp oLa5^j c oj>cJIj c ^j>cjiJI S^jlSbsJ ^Jl ©j_& 

Jw,_Ss_*Lj o^Lp^/ ^_>c_^J 1 t coLwJ-Vlj cjjj-Jlj 1 jj^>bJl<>JI 

SJws^2_>eJL-wvwoJI oULwJl ^j_>s l 5S-U .Sj_>LiJl oL^jVl ^_s 3_lg.ll ( /^_p 3jj_^? 
L^_v2_*wJJ t jJ jL>c_Jol ( J_P S^jLp }p J_k^ ^JwbbxjJ ^Jj>eJL^vJ ^4 j2jjI olj3j-b*c-a 

.4JLw^5j CO 2 5i jj (_$5p C ojl^>5l ^3 j-o-J 

^J->5l ^_3tA-*-^i ^3 CO 2 O^LpL; Sjjj_A^*-VI OljLjJl (^Ijjl ^wjJ 

JJ_*J ^3 l» ( j_*>L 3 SL>A^»- 43jJ 0 j y -&->-1 <3o C-oL5 .^_>JJL)I 


B. M. Vinther [et al.], «Extending Greenland Temperature Records into the Late (1967) 
Eighteenth Century,» Journal of Geophysical Research, vol. Ill (2006): 10.1029/2005JD006810. 
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y >Jl C0 2 <jy^*-° i_jL^>J t (1968) 4jjjJl ^Jjj (Stomata) 

*A_>-^3 CO 2 < _ > L^vJ>- ^3 0 ^ jy*S^\ Cl^wL>cJL^I t JbuJl 

dl5 y sj «L*_o c i^C \ ^-JiLJaJl s a_v 2 JLL« J“>U>- ppmv 960 560 “'->1 

.385 ppmv ^JL>Jl ^j_>JI C0 2 <_£ y^^ jlj . (1969) 620-1200 ppmv yy 

l jL^*Jl ^JJaJl cjULJ^j c j^>c_*xJl c jj>5j>cJLoJl £j>jjJ 

t^-wojJ c_AXl>oj ^IjwoJl clj| jj y&] y> CjLlJo *)/Ij Cjj3_Jlj 

4_p j_sJwoJl *l^L>-LwvJI oL^-^ jjLwvwoJI (_5LJ-lJI ^J.^ y* ^_>c_aJI 

oLs ^3 j_l>j j-& Lo»S"j • 4 jiJjl>c_^JI oLLwJ! 0 Xj& oULjJI c <JLajJl 

twJajsJ 1 dJ Lj Lo ^JL>c3 l lj^>- 4JL^33 d-w»-M-»wl CpLj LjJl 0 jlj_>Jl 4 j>-j^ <Zj L^iL^3 

c ^LLjNl oULJl jJ ^^J-p ^Jl ^j-uiJl ojj .*<— 3jJl iw-^>sJ 
.jj>cJl s_3tA-*AJ CO 2 (_£t 4»ol J-*Jl j-oJlj t jUa^^l Ja-sL^oj 

.J-o-^Jl CU~J ^£3 ojl^>cJl 4 j>-j. 5 L«l 


aSVm (1) Is ^ dj| Jl 0>L-^i^>s ^Jo-(-5^ < 4 j>sJ>cj2>j A.yfl-3 iil^A 

c 0.3 I y>- 4jjL^p <ij UL-ia ^Lp ^ y>rLj cpI t y> ^jj>-^Jl djULJa 

c AjjLn-^JI ^UaJl oLd-JaJ l)}j .jJLo-^LLo 0.1 _> cLLo-^l LjL^>~I ^JLJa 3 jj>-j £_>j 
O jlj ( j-»»LwaJI ( J k ^j>t-> L* y* 1^>j>cj L^_owJj jjJ-JIj 

oULjJl o^Lj y~Jj .ya jJl yo 4_L y& ol 
(J *)J ^I 4jL1j^>c^ 4_Lol^>s cJtA->- (yj ^Cy 3 ^ 

t (Jl^-oJl ^Lp) 0 jSOJ ^JL>-aXJ| C-iLs^Jl ^3 4»J>-ljwoJl d-’l^_^Ap 

-^ a > Lo (J Lj>- 

JU-J. ^ 


oU'^'yi JJ. ^JLoj t (1972) UlLl v ^rj t (1971) LJyi i^j 
Ji^j ^Jl) ^JLiiJJ jl . (1973) (^^Sll sjl^lJI oLVj^JI v. 


Stomata. (1968) 

M. Haworth [et al.], «Mid-Cretaceous pC0 2 Based on Stomata of the Extinct Conifer (1969) 
Pseudofrenelopsis (Cheirolepidiaceae),» Geology, vol. 33 (2005), pp. 749-752. 

C. F. K. Diessel, Coal-BearingDepositional Systems ([New York]: Springer-Verlag, 1992). (1970) 

N. Thouveny [et al.], «Climate Variations in Europe Over the Last 140 Kyr Deduced from (1971) 
Rock Magnetism,» Nature, vol. 371 (1994), pp. 503-506. 

J. R. M. Allen [et al.], «Rapid Environmental Changes in Southern Europe during the (1972) 
Last Glacial Period,» Nature, vol. 400 (1999), pp. 740-743. 

C. Whitlock and P. J. Bartlein, «Vegetation and Climate Change in Northwestern (1973) 
America during the Last 125 Kyrs.,» Nature, vol. 423 (1997), pp. 57-61. 
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oljLoj I olLwJl ^3 (<Lol j^_>c_)I 4_5CLo^Jl ^3 oUlj-^>cJl 3 J-p £d_>jl aJ*)Aj 

^Il*J 1 Jwalj-p ^^Jlp -UjlxJ ^ r S'l^j t (Brackish) oLw<Jlj ijJuJl oL^Jl 

^3 I_ <L*JU>- j^XJ iiLwA o\S I 3 ) ^tS”l J^Jgljw* 4 -PjJ>-L^jj C ^Jj>c^oJ| 


t£LJl 


(1)1 Lyg-J I jL^c-J^Vl (l)LSl>jL>J .3jl^_>cJl 4_>-jjJ ^>lj ^j-*>L^La Ij~& 

LJJ ISLojJ3 ^3 4jj^wwJl jl_>c_Jo ^ I d3 Ij 2_L>- djLwdj3 CUwO Jj 23 t ^vwo-*xJl lJ 

tC 14 ol jj 3 jLoJij t(Kola) N jS *ji'j^r J (Fennoscandia) 

90 _ 80j 23j c 22 ^3 doLS" <c^*^wlL)l cj! j jjJJ jJI ol^ jlaJI l)jj 


( 1974)1 


Jj>- LjIp 11 _ll ojj3 


JIS'. 


wi_) wC^T ■% ] 4_*_jl_v*Jl ^ayJ l—A.^— 1 1 w\_^” I AjJ—«-»w*Jl ^ ' J ^ * oLa_L>- j) 

4-JL*Jl ojljj>cJl a>-j-« ci^Jg-pI jJL) j_a ^_S” ^jj .^Lo-jj_iJl oU^IlJI 

j-oJ oLlL>- <JL<>-*2l^I lf-\-oS j4_vgjJ 2003 ^Lp 

c jL>c-Ji'yi j-o-j ^^3 iSj^ j->l ojl j ■ >t -^ (l)j^> <1)1 £-3 j-LoJ I •(cJ^"j 

.3 ajlJI La3jwL>- jL>t-J^Vl I) j52> LsJjp <w?L>cjj 


^3 Lp j-oJLa Lv£? j^g->- <L>c_>j^)Jl 4^j>cJj|jJl ALw2ji)lj jJ j-w^Jl jl>e_Jj| jl5 

^3 35 ^Jl LJ 3 ) L^cJl ^3 Jj j*s3 1 jLgxJ ^L>-lw\Jl s_3L>cJl ^JVl ^luJl 

cjjJg-k ^IpJ CA^J^I 4jLwJl ^3 jg>c_CiJl ^^Jp j-^jJl (1)IS\3 t (aLoJI 

doLp A3 j .jL>c_ji'yi d3Lfl_L>- ^3 j_iI ojljj>cJl <^>-jw\J ( j_Ss_> cjLLa-^Vl 

I^LoJpl c j^>c-*xJl aXx>JI ^3 25 cJUg ol^ojjLs'yi oLLkJl 

cJJc^: <ij^J\ jU-lSfl oLiU jSlj . (1976) ^^iJl Jlp 

ciUjJ t 4_>LkJl ^j*a ( j_v2_ijLoJ! ^i_pVl p^j>cJ| £3j-^j 
. ^-IjwodJ Li^S" j L>c_ji ^ I dg LiL>“ J Lo-x^a* I 

L^w«50 j£* Jg_>- c3_^-3 jL>c—w^^yi Lp^_> 39 1 

JJp 4JoI j 4»dj>-lw\Jl Ojl j>x .Jl 4_>-j3 2)1 4-JLo-JCJl IJLLS' 4^j|jJLw^^yi 


E. Kasatkina [et al.], «Stardust Component in Tree Rings,» Dendrochronologica, vol. 24 (1974) 
(2007), pp. 131-135. 

P. Pichler and W. Oberhuber, «Radial Growth Response of Coniferous Tress in an Inner (1975) 
Alpine Environment to Heat-Wave of 2003,» Forest Ecology and Management, vol. 242 (2007), pp. 688- 
699. 

R. B. Myneni [et al.], «Large Season Swings in Leaf Area of Amazonian Rainforests,» (1976) 
Proceedings of the National Academy of Sciences, vol. 104 (2007), pp. 4820-4823. 
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*)}I jj Uaj I Jij . y»jJl j-« l)^^“ Aj A>-j.5 21.4 

ojl jJ>- As^- J_jJ->cJl] 5 j_JL*J Aj jJw^vJl jL^c-J^Vl j-o-j La_Lj>- ^_9j (^IjjVl ^-9 
.<4j^Jl ojly>- 4j>-jjJ AjjL^j y>c_JL!l (Jjj ojly- A^>-j.5 <1)1 ^^JLp- j-$Jl 

oU>-LloJI j_jj_>cJl] jj> c_*xJl j-o-> oLa4j>- JL^jl^L LsAjI aj ^L^aJI La I L_& j 
.5jjl y>c_2Lj| (^Ijjli .AJL^LL- jl 0 j.^)Jla (j jS \j J»i 4-JJ1 l 1| oj_A d)| jsS' .*L^>cJjljJl 

y>c_JL!l c^ljjl .OjLJl olS-LwoJl ^9 U-ilj <• oL^LwJl LJl^-l^ 

cJ ^ «»*4L i Ow1»a»a> ^ j ,r / ? <1 tf ^X—i J C Lg-^9 0 La^O—IJ I l—) O^jL 

At._9jJl tw™XSL>j .i5jjJl l$j ^JLoJo (_gjJl ^LSv^jN! LIj^J dJJij ijljj^/l Lljj 

jli <lJlPj -J ~A jjl Jljj^l ei^jj ,j<g. a>rJL) oils- iijjJl 

J^_a ( _ r & (Canddian Black Spruce) I ^Jj-SJl ( _ r ^Jl J Jl JjjJl 

^git- t (Caribean Line) ^jl£)l jjj)i^,Il j>^ l5jj 
oJ-PL^oJ AjjjJaJ oIa^Svj a^S j£\ ^J^>cJl oj-& 
j2L)I <lLw^_P cJ>^2 >- ya A^jIwL*J| ^1 yoJl ya A)^SLowa 4 _wo- 5" ^-yfl-9' ^1_P 

.oLUJ 4»Jj>-|jJl ojlyJl As^j.5 lg,^/g y ^iiJj5”j yJ-v^Jl 


y-j9> j^j 2^ t(Lare trees) (JjjS I y^-H JL-*jl^L 

LpLaJjI 2004 ^Ip 755 ^Ip ya J^l JL^>- ^^9 ^LwaJl ojly>- 

2)j-2^- cJLlJl (1)c5^ ojly>Jl 
. 1700 ^Jl 1350 (JjJa^Jl ^1 j^L)*)}\ ^j-oL^9 I^.j' 4_aj^J aJl ^Jj .y_> 

j_V2_*Jlj t ^gjg-^jJl JJ-yg-xJi jl^ j-vu5s_*_JJ C ^l-Lft> 

j-& ( Jj>6-wJl ^9 J-AP 2)IS j .yj(1 )jaJI y^ljl j!c ^*_v2Jl ^wLJj>cJl 

li^l jLS”j ,®ljyyL>w oIS"^Jl Jjl (^3Jl ^1 jZj s )I I ljw«l y^a l 1820 — 1810 

aJI ^oU j^aJj .^jj Jl 2)j-^l oLjwoojl j_a J^>c_aaJI ^9 wLa_p 

ojly>Jl a^-j^ oL-LiJ 11976 ^\ 1940 j»Ip ^^l^ ^1 j^l 23 La olS” 

JJ-P jwL>Jl ^y-jJ ojjj-v^ 5 <Jl^-oJl I3-A .Aj2_1jL>c^J| (jJljJaJL A^L*_aJ! 

.ojly>cJl A^>-j^ 



B. R. Helliker and S. L. Richter, «Subtropical to Boreal Convergene of Tree-Leaf (1977) 
Temperatures ,» Nature, vol. 454 (2008), pp. 511-514. 
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Ls^wO )) ’ (jl ddJ j ojoJ_A 


dr" 


^I iU^Jl 


c C™dl ^yji 
dL^d-^*> dil-LA 


.«43jj j>j ^^JLo dd^u^l d^" Jj ^d^Jl djjiJ 1 

c ( jJj-d^Jl djdJl y~\j\ j\j^~\ ^y> j+L 5d> lid ol jJls cadis' 

c jd>c-JI d? jJ^>-j c ^aJl>J| ^L^od/Ij c oUUl ^3 CjI J £4 { y\yj~ ld>j 

L-^wojJl OdLo J^il J .jl^lj ol ^w*cdl £CJjlj J t jl>c-J>')M OdlJj>- j& j 

1980) ]jcSj c (1979) ^]| ^ (JUJI ^ >NI j>Jl ^ oUL, 
AS"j c 1380 _ 1150 ^j-o o^jjJl ^3 ^jdl j-A lid jj>dl did 
o^xdl ^ JJL> c ^JLp ^-w^Ldl dI 1430 ojldl dd^xdl 

c jjLs' £-w*»ld! d y ^>1 d)l-L ^Jl yLs' ( /^ldl djjdl djl^j (j*j ^ 1590 _ 1580 
did j-d-ygJl j_v2_*Jl dl l^u^d ^_3 ^_LlaJl jjJ_> dr^^J • 1880 — 1860 

LIp 150 Jl 700 JJ Iji^ J ISL-L. 

c ^j_*dl^^Jlj c ^jL>i .ygJl Ldjoj .ypj^l I ^J_p j! jLaJI Ja-sL^jo 
^Jp- ^LaJI IJ-& JaJL^ I d^ ^-j Id— t 4 ^_pLl*,/ 2JI ci->lJ^LdjJ 1^ 

^p . dLJ? ds^i jd ^JLo d> d»2U^ <w?ji dd^_3 c iLwvolj ^Jp jl *J?Ld 

JJLa_> d/j t J-d_>dlj ol^-w>*c_dlj *U2-wo-*Jl OUa^_>c^oJI ^^3 )a.A *~.j (^dJl jLwdJl d! 
^Lodwvu^fl oLWLdjJlj t oLjLjJIj c«lLjl>c^JI oldlj-^>cJl dlj coljLjJd 

CUj jd\J IJL>- jJl oLy-jjJl d} .^L^d’doJl olwl^-dll ^J-P J^ya si 

«UpL*»jM <U1aj (Jd^-*JL^I d^^ 5 ^ 'dj dr^ dU>JJ ( Jw23Vl d^ddoJl c ^Ja-o 

^-0 L_dod" Jl 4.,yg_X_) jLwdJl jLj CjLwdJl \ Sj& dr°J -L) wL>td 

^1 jJL>^ I *LL>sjl (Jdd>- ^ j L>c ■ a ./?, 11 jd_*Jl y* y J IJ-& .^Lw<JJ 

. wLJo I ^-Ij j]\ Oj15 d>A^P y> 1 

£jl>- jd_dJlj C j-di jd^dJl ^dr^"^" d^^JJ dy2>d J_dJ 
( j_>wL*jJl ‘Wj wLdJl dpLwaJl ^Ul jddilj c <^S 


U. Buntgen [et al.], «Summer Temperature Variations in the European Alps, A. D. 755- (1978) 

2004,» Journal of Climate, vol. 19 (2006), pp. 5606-5623. 

A. Brauning, «Tree-Ring Evidence of «Little Ice Age» Glacier Advances in Southern (1979) 

Tibet,» The Holocene, vol. 16 (2006), pp. 369-380. 

D. J. Hallett and L. V. Hills, «Holocene Vegetation Dynamics, Fire History Lake Level (1980) 
and Climate Change in the Kootenay Valley, Southeastern British Columbia, Canada,» Journal of 
Paleolimatology, vol. 35 (2006), pp. 351-371. 
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N <0! j~i- <.oXJl°j (Proxy) 0 JJ**) L—3 ^Li Sl.il J-jo jUJli 

.aJLAOjjI ^3 aJL^ 3.5 ojl^>- <Zj L>-j. 5 e-UaP^/ 

0j_& (J jj>Zj .4_>j_g_>t_^Jl oLoLSvJlj £-1j_gJlj oLwoJl ^Jwo-OJ 4jjJ>cjJl 4 ^Lo-P d)j 
C ‘CwoJj c ^c-O jJj c <bj_>oJl Jjd>c_v2_)l wL^v-S'IXj j .4_>jjjs-c-v^Jl t LwLo-*Jl 

(1)1 j-^P .L^JLoLLj L^JLwaLwvwa ,il.5jjj C L^o^>-j L^JLsLiS" j^Zj 

^j-olOjJl d).iL*_^ d).iL*_oJl oJ_Aj (. 4 j jjJl ^3 ^JLo 4 j^_> cjdJ 4^3jULoJI d).iL*^>Jl 

. ( i98DcjISLLJIj (Zircon) j^S^jJlj ((Rutile, ilmenite) c~>l_uJ^I tJulSj^Jl) 
SJlS’LuJI SiLJl t (Erosion) JdLJl; 4_>jj>dJl; o_ y= ^Jl SiLJl Jljj 

Si j^Jl dJUu ^ id jjJJ idMJl oL^- j^\ J^ki! jl j . (Sediment) jS 
oLjLS’ j ^-y ^JldEj ^ t(Basins) ^dlj-^SlI 

i>&jli dilJLJa cjL^^ dl j) .^Jjjldl jz}\ JjjJJ 

.(jiL«_<Jlj _ ij_p) ixS’b (_$ ji-l j ((Plankton-rich) j^SEjtJl; _ idiO jjJJl 

^Jl L^-dwvo ^dJl - -J I oL-a 4 ^ow^jj-qJI dj li j/1 dil jjlkdl o-La 

15000 J 4j«lJ>-Lw« Ol j^Z J-sZ?jJ (1)1 rjSLo^j .4-wOwJ^^/1 oL^Jlj 4jjL>cjJl 

-Sn , i ^^Ji Uu* ^ ^ t 0982 ^ 500000 J hxii- ^j >\j j»u 




Lo-Lo (. j_jj_Jl ]1 jUa^Vl cJ j-^ 2-23 ( j ->3 ol jJls LJLp ^J^LJl cjJ_*^a (j^_SCj 

ojJL3 4 j 1 ( /^s JUj^l .c_3Lfl_>cJ 1 ^3 lv 2 j 2 j>cJwd J5LJ1 (JJw*^a 

oL J^\ ^3 (^AJl t ^j-obuJl 4 J- 02 J O^L^J 4jLL>c^3 c 4_LAjaJl jUa^s'yi (JjJ 

^■yfljj C 0 j_)wLjJl jLia^a'yi (J^ 2 - 2 i 0 ^JL3 ^3 ^ >1 jjJl (J 1 .^J^ljJl ( /^s ^Lo^l 

4_*,^L^cj^ t 4^.^^i]a. 11 k ^1 ^ ^ 3 ^C e. - *■**I 

^^*oLljJ1 ^Jj>- Jla}j c JjjJl ^LwoJl ^-P 0 jLil ^Ia_*_> d)l c ddl^-_>c-J 1 oL-; ^ 

^Lw<Jl obi jZ c (^^L^Jl Ja.-s >c-^>Jl ^_3^_3 olj-^>c_Jl oL ^jZ ^^-3 

j-V2_*Jl J t ^ ] g . a^jJI jj_v 2_*J i ji^ij L 4-^i-lLoJ 1 J^_v 2 _*_]l^ 


Rutile Ti02, Imenite FeTiOs, Zircon ZrSi 04 . (1981) 

L. G. Peterson [et al.], «Rapid Changes in the Hydrological Cycle of the Tropical Atlantic (1982) 
during the Last Glacial,» Science, vol. 290 (2000), pp. 1947-1951. 

P. A. Mayewski [et al.], «Holocene Climate Variability,» Quaternary Research, vol. 62 (1983) 
(2004), pp. 243-255. 
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Lb . 


(1987)(1986)(1985)(1984) 


jdX*Jl cl) ji} 1 




. Jl ^-dUJl 


dj l^Jwwj 


LwpLoJL^-l 1 LsLJj>- c dlk 4 _sLs^ 1 t ^-oJL*Jl ^IjwoJl 

(1988) 


.5 jjIP j 


L-lkLb 


^y>j-& i ?j k >- jj^p S-Xib oL« ^jsoj_> ^jJl jL>-j-«Jl jl 

j^y*y i ^ Sji^ j>- ^4p 4 '^ 2 

jl>-j^oJl oLw*»Lj ^Jw*L*xJl jJL) . ( /^j>c-wvb'y 1 jjUaj 

jl d->LuL>- ^-kJ . d jl ^>- ^>c-Jl i jLdJ ^jy-3 

^j-o A9j\-P iiLft d-olb C cJldoJl ^1_P . kiLs 4 j>-jLJ| dj-y2J>- Ulj->j j*j 

dj|jdkJ <4 ^Uai^I .k_>- ^o ^o^Jl ^b^Jl JaLjjJlj ^>c_Jl gk~x ojl^y>- 

oLj-L>- ©j_& jL>- I jjUa_> oULo dJ^lbjj .d-v^LoJl 450 .Jl 
jL>cj2jI d —*_o iiL& Co b bjl> o^X9 jl jLcJ J-Jj>cJl c_b ColoLoj 4jjCwvJl 

j-^P ^yljdk jj Jjlo ‘LLv2Ca ^^y>-l Ojb ®jX3j t 1815 ^»Lp Ij j-y>L> jibjO 

(1989) . 

^3j yw 


^0-0 


Jab^oj c kj_gb ^j (Stalagmites and Stalactites) -kJ j^Jlj JLpI jwkl 
j-w>cJl jS>tls>- j Aj jl Jl cJtAi>- dJ^xJl jLk^j/l oka ( JbkdJ k—w*- ^^ikJL> 
^L da^ okkl oJ_A a-kowb j^-xJL) L<doj . ^ ^-w^JL^Jl do Ij ^b dok-^o jj 
aJ^ bk c ^^-w-mJL^JI doUj_>^b ( /^s 4_JJjL>c-^ ^4I Uwo^Xo c j»l*Jl i._a_^_5j]| 

^1 ^3 J-pkkl ^-oo 4P^w*» jl dikxJl ^P Jaoj /^Sko^j .doLjo>- _jl doLkk 


G. H. Haug [et al.], «Southward Migration of the Intertropical Convergence Zone (1984) 
through the Holocene,» Science, vol. 293 (2001), pp. 1304-1308. 

L. Almeida-Lenero [et al.], «Holocene Climatic and Environmental Change from Pollen (1985) 
Records of Lakes Zempoala and Quila, Central Mexican Highlands,» Reviews of Palaeobotany and 
Palynology, vol. 136 (2001), pp. 69-32. 

D. A. Hodell, M. Brenner and J. H. Curtis, «Terminal Classic Drought in the Northern (1986) 

Maya Lowlands Inferred from Multiple Sediment Cores in Lake Chichancanab (Mexico),» Quaternary 
Science Reviews , vol. 24 (2005), p. 1413. 

G. Yancheva [et al.], «lnfluence of the Intertropical Convergence Zone on the East Asian (1987) 
Monsoon,» Nature, vol. 445 (2007), pp. 74-77. 

G. H. Haug [et al.], «Climate and the Collapse of the Maya Civilization,» Science, vol. 299 (1988) 
(2003), pp. 1731-1735. 

R. D’Arrigo, R. Wilson and A. Tudhope, «The Impact of Volcanic Forcing on Tropical (1989) 
Temperatures during the Past Four Centuries,» Nature Geoscience, vol. 2 (2009), pp. 51-56. 
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4_L jk ol ^y JlpI yvkl Oj IS" LoJ j . ^LwoJl £>J o y~™J I ys 

jlys^L Aa^!\ Jo^k y-Lw<Jl yp <Lb ySi ®jy^ LgJb tysjJl 

yl y« 4»^o«J>c^J J-plyv2_]l L)b di-b AsLs^^/Ly C jJ>c_a^J| djL&k>- d^Lk j3 £-0 

J-PI^ ya.il Jkklj j .4_3yJLSkJl ^yaj^l yy9 djJj>c_> J_i ^.dikll ^y ^gjLa ^cJ>- jb 

l^ju t kyg_sGi y* ya.ii ^yki ^y c^jls" liij c yyJi y* oj-p v_i ^y 

ya^Jl cJ*}Li>- *w~w»>yJ 1 d->L jIL^aj c ojly>cJl 4 j>-j^ yp CjIjLJL .kfll>cj (1)1 
^»y> jyLil dJJkS"j ^ykjyJl *LJl c_yk> c <j y>e_iJl cJtAky . 4^3 ckkLJLj ykJl 
y j ^y^LJL) L^JL^^jck y ^^>»>j c wLp 1 y/a.ll ^y yy>-l A^pL*_*k LikL^a j 
0j5 >_-Jl (J yk-A cjLS" bU t «lkL*^Jl oJ-^-J ^j-vwJ (1)1 J-^P .‘iJkk Jk 
t (Permafrost) y-Uykl ~U^>Jlj jJl>J 1 y ^lill yk*Ll jl c^y>Jl yy~w<Jl 

.J^okk y- *>L>^ (Stalectite) kjl$Jl Jlj^p 


^jOJ ^Jli. (0 16 0 18 ) yy^Tkj (C 12 ,C 13 , C 14 ) jy^sLJi yikj Ja_*J 

yk^-y .yy>cJl CO 2 ^y (l)Lwvo^/l 4 ^-aL*«^^ yy>c_Jl CO 2 jk"y,J ^ oLwJl ojly>~ 
( y oy>-y 0 yy>-l 4 j^-yg_p ky^j ^y^JlSDlj ^y>yj»koJlj ^yjLyykl (jLo-*Jck 
^lwL>cJL^'y 0^jL>t» C—Uo jJJ lJ_A .*Lo>j Jjjj 1 CjLL-JI ^LwAbs -ljJ_>c_lJ kjlyyil 

d->li>-LLoJl J-jJj>e_> y tjL>c-Ji'yi y^-> djbik>- y« 'l/ wLj t J_p 1 yv^Jl ^uj_L>- ^y 5 _y 
jj Lkj 1)J . I^ >3, j 4_A-ja-L^j 1 ^y Lo^gJwO 4_3*1)^-P ^ (1)1 (1)^^^ ^ 4_^*j jJsJl 

b}j c 4_a_jLwvJl ojly>cJl ob-jjJ y^3^ J->J-j>cJ f-Lkpl L^jblyj La Jlp^j <iy~^ s-w^'^l 

C (^yj^yil ^yoljyJl ^ 1 AJ>xJL^ 1 C (JboJl ^Jww-w*i ^J-P) jy^i 1 ^0 C^y* 

.ojly>Jl ol>j3> jbo O-Jy ^—>bvj>- ySk*^3 

(jji ^JJl (Spannagel cave) JwpLly c-if? y Aply^a i5*>C y^ ^aJu 
y Jj yiJl y (Tux valley) y y^lj y y^ 2500 y>y!l yyc^ 

10000 ^£_ilyj>- (Hintertux glacier) 
ywLk>cJl y^2_*Jlj ^k*^i jJl jys/2_*Jl J 


J-L>c_>s 


Lr" 


J_flj l_J C bwvwO-jJ 

yjLJ Lyk^ly yJL^l -Jj / 


Lp 


V. J. Polyak and Y. Amerson, «Late Holocene Climate and Cultural Changes in (1990) 
Southwestern United States,» Science , vol. 294 (2001), pp. 148-151. 

N. Vollweiler [et al.], «A Precisely Dated Climate Record for the Last 9 Kyr from Three (1991) 

High Alpine Stalagmites, Spannagel Cave, Austria,» Geophysical Research Letters, vol. 33 (2006), 
L20703, doi: 101029/2006GL027662. 
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(_g j./gjJl a Ip 5900 _ 7500 Sisli ol iSlx* ol JLa-j Jij . ^J» yaJl 

jl jSp-VI) A Ip 700 _ 1200 JJj 3600 _ 3800 Joj £LJ 

3000 _ 3500j 1 5000 _ 5900 JJj t7500 _ 7900 JJ ojL oli(j^Jl 
Jo) ijJl jl jO-^I i (^A_^aJl |_5J_wL>cJl ^.<?«Jl) a Ip 150 _ 600j 

.(aIp 1700 _ 2250 


OOl^jj ,aIo(J|j ^ iwaJl ^3 J_J->cJl 4 -JLa- <0*^1 olj^>~qJl 1 Ool5 

Jo 218 ^Lp o^I tJLotJ jj_-_p £_a ^Lp 2200 Jo jI^jo-^I ojj^ 

500 o t Jj ^j^Oj oliJs O'I 4.tf.Iall Jpl j./?U <olj.3 COj 0 *>L~aJ| 
jl^-lj j-Jw2-)l 11 JjJjj_Sw>lj cLJUajlj c 0 ^.il ^ t j>Ip 


<0>-IJ 


( /^s . 4 jjO 4j>-j. 5 0.65 J_LP ^oj’jj/l o^SUJ ^JloJl ^3 JU 

^Qa_p| L^jLS^oL ^JLoj l ^j-JwwsJl oj/l CjI(J jljjJl y2-*-> j*-xS3 t (_£^j>-I 

/ ^^loJl iJLJl oLL>co'yij ojl^>Jl y* Jjil 


olaj_L*-a ^l 2 _*J d)i OvoLJl ^3 *ul^-*JI (Boreholes) Jl jJjJ y£L<±j 

LsAjI £-JaO*o c U_>-jl 0 *->cJ jj->t- yg.]I 4 j jj loSCoo J2JL9 .Lyg-j' o^-JlS" 

J*>U>- Ojl j_>cJl (J j_v 2 j ^y\^ 3 j C^j^j^l Ojl j->c_Jl <—a>L^w*oI (jl 

( j-« ^Jj j/l jloj/l ^3 4 -Lv 2 jLo ojl jJ>- ol> jJ> ^oLwflJ . j/jJj 4 _isl^ AOjI 

^ W 1 1 (i_r^' 0 J^j Oj^ 4 '“^ S jl ol (jl i^_P_OJl 

J^3jJl OjjJl jl (_£^j-j/l o^-JiLoJl oL-UJl JJL* Ojl^>- 

. ^ jwoJl 


^3 o-^inlI ^co3ll jj ^-A *Lo-jJ-flJl o>U>-LoJI ^ ^ s ^_9 ^ a Ig.^JI ^jJLl)I 
ojj_L*-« Ja-^^oJl ^li oJjLj oLjJ 4 jLwo-*JI >j-oll oia_p| -Lis ^ J 2 -^>c^<>Jl 

<09 | Ola j_Uj) l a, j?, j I 0->0 jIj . ‘Lo jJLSvjJl l A *.&, 11 <j jJa_> f-!jo ^_9 <O^L^| 

4_a_LooJl 4»o^iJl oLwhJl cJlSwilj ojL>cJl jL>eJl ^li £aoL_> ^^j^l oUoJJ 

o2oa 4 _w^JLp olj^lo (> _^l. 4 _*J>-Ij 0jJijJ C L^_> 




Jg.^^coJl £li O 




4j y*Jj i oL- ^xll ( J^5oJ (J J_*^3 (j| ^ j ^yjJS ,J ol j JlU 'oLa y y>- j| I 


C. Smith [et al.], «Reconstructing Hemisphere-Scale Climates from Multiple Stalagmite (1992) 
Records ,»International Journal of Climatology, vol. 26 (2006), pp. 1417-1424. 

J. A. Dorale [et al.], «Climate and Vegetation History of the Midcontinent from 75 to 25 (1993) 
ka: A Speleotherm Record from Crevice Cave, Missouri, USA,» Science, vol. 282 (1998), pp. 1871-1874. 
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LgJ t oljO>OoJl ^1 _p oL^*> jzS\ ( J5v_Ou Nj coL>II ^g_*_> 

OslSsJlj oLwl^Jl /ol(j^J t Lg _*_>-yj L&jjJj < 0 / 2_*0 olll y>- JJ J>t - p r 
<\^>V~*j>- oL^>eJwoJl t oLjL^JI oo^/j tlwL^>- 4_]gt^Jjo'yi ^3 

y> olp 4 j j 5\>3 tOl-L^I l^Jj C oLoJl ^yyS'J 4g-jl_oJlj C f-j-viJlj t Ojl^>ciJ I J_>- 
tJ SjI ^>cJl o l^r Lg-yg-^j j j^»aJI^JI oIJjj^S" 

‘LoLS'^j Ol jLgx^l ^12_*_JJ . O j-oJ> jl ^g»-l C5^i J j-lgJo L^-»li (. 0 Jg>-I J 4_>jO 

^.jg. a>c-^j i ^^gi^_>-i ^_Lp jg.. aa-*.j ^ 2 _ji ^^g^'yi o 

^Jl^SUl I (JLo-*joI ^SCo-»_j .Jg^>c^Jl ^IS o>L--* j jj ^3 j^Jaj o>lJLJg 

4j>~j 40 j J^Lo LaLoJ C j J-yg-oJ I (1)15 j-Jl ^j^l j->- O J_>ejJ 0 j_& ^L>SjJl oLflJaJ 

.4*_JLoJl o^lj>J 

^^gj*)\J ^.«.M.<Jg.«.*^>Jl cJL>tx>JJ ‘LoJgju.-oJI ^p oULiJl Jlo-o^l tciU j5 

4_j^_^_ j>c_^Jl oLljLSsJI o oL-g- <JLo_*jo>! /^5Lo-j L<*_S" <. ^Jg^^v-j <s>~jy oojlS" 
.4jI*J| o5_^J Oj«+0 9j APjOaJlj C e-j2Ljl 4 _*_>j-w*» C *U>jL*J| 

<1)15 j_lo <1)1 (Extra terrestrial Dust) y?j^\ ^jL>- jlJJJ 

<l^°j cT’^d ^ *1^>rA/g 11 jL^*J Lo5" c ^jOI^o j ^5^o Jgl_JL> iiLw& 

.ow\jw\oJl ^L> j]\ 

^LoJl yo ©jjo> (Fossil Forminifera) 4_>jj_jLg-^l oL^_>o*Jl 
tolj-v^^/l ^3 0 j O 16 VI oL5 cJLo-*joI c^^-^1 

pUa_P^/ oLsjig<-oJl oJ_A ( J5" JlgoJ .Jg-^>c_^Jl oLw« ojl^g>- ^L*AAg>cJ 

c ^jVl ^jli>~ JgLlJlJ c ^1^ t i 'g > ~jJuJlJ c ^j>c-Jl Ojl^>- ^-P ^lL^LS" oj^O 5 

4jLw^ ‘LOjj oljO ®j-wiO>Jl 4jLwJl 15j-Jl J^UijJlj C oljloJlj 

t^-vvwUg'yi <JUo ^3 ajwOL>cJI <JL^>cJI oL5 oo5 ^j-o^Jl y* *l-^“ 


-Jg.A 


—J 


dlsljlj ( /^P oLa^_L*g3 ^]g_*_> l5^ij C jg>*c-Jl ^li oLjJ ^3 4jiJo-cgs ^1 Jgs 

oLsjLcJl ©j_A 4^15^3 ( /j 5 Co->j j ^^>-'^1 jJjsoJI <J*^\i>“ olgxJl ^jLLs^j 
y& 4j>tx>J ^UaP^y ^ y~\ ol y>uj jl>o {y l^-J-P ( J^ 2 g>tj 4 ^_jLws oL> 

. ( ^gj % yi <wa 5 j 5 ( /ys A^I o oJl ciDj JU^)M ^loJl 

ljw4j logs Oj 15 ^LJl oljj^ <1)1 j-& oLIjjJl ol* oljj Ls <1)1 

Lp^Jo (Proxy) o^-^L^oJl ^1 4_F5^Jl ^-vwoIa^JI ^oL^I^^ ^-^ 2 -*-° 
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^.Lp ^_p l*_^> jj j LjUu ^iLS"! ^gJg-*-> ^Jl ^wuLLxJl 

^LlJgJj t (Planktons) oL^JlfJl j~* 4_*Jl*Jl oLJlSGl cuiIj tJlL<Jl J^-^ 

.51 jlLs\ iJl-Lk jlS” 4_Jl jL^*Jl <1j\jlAz j c 4_>^.yg-xJi 4_oL-ow^SsJI ^1 j_oJl j c ( /^>c_*^£" ^ I 
^_>-l ^1 c ^»Lp 6000 ( Ju^_9 cii-oLjj^Vl ^->c_> -*J ^-Jo oji-GLa 

oll« 0 -L& J I t-lJ Ag-I Cj .^l_P 3000 ^J~3 ol>j3 jJu 

wL>*}LL> j_Pj Aj>z-j\^ j->^j ^3 C-J-yg-2>- ^g-l -J^dol clJ Ag-1 ^0 t 

(1994) 

(Aegean Sea and Greenland) 


LjJ- 3 Ll*33j C 4 j jjj jJj>J| twJg-4.Il j ^P J-Jj>- ^jLL^g Uj_4j ^jLo C-o 15 

(1998)(1997) ( 1996)(1995 ) _^^j| ^ j* ^ ^ l^i ^ 

c ^c 0j_Pj^Ij t jjJjlj c c *)} 1 jjLlgjJ ( Vj_SJo-jj 

C ^**w<>»jJl JgLlJlJ COjI^>Jl Ag-jjJ LL33 UojU Jg_*J jl jjJlSJlJ Cj>^J_>jJlj 
^is*jJi jLajj .^Lw<ji jz*^j t ^^gj'yi ^jU*- ^uji jL*jij 

^LS'j-Jl JgLlJJ t j-Jj>cJl 4_j^j oli-Jg t dJJS 4 _sLv^| <. Lk.»-> (jl 

jUJl ^jg_*_>^ .djli ^J^Jj-wJl dJjL>tj2jl ^P ^jU Lyg-J ' Lk*J (jl dlj^j! 

J j ,) 1 ci^LpULs JL^-*jLwJ j .^L>^Jl ^_>c-Jl ^1^^^ ^_*/g^*yi 

.^_jJ-J l J j^Jl j-*-<J c J-Jj>J! ^3 J-*_i L>-^3 jjduJ ^JjJl ^ oy>r^j>^ oJlS" 

.^LJ'yij JuJl>cJ1 j (. lijJl ^y* oLj jJ oLjjJl 0-L& ^-oJ>- ^0 t 4 j1 ^P 


.4j>cjjIjj {j*** 6 '^d w ^- >c 3 -Loij IS" jj ^-J>Jl <_J (S 

Sjl^->Jl ^Ju>c_^*> ^yo La 4_L>- jj} ^3 ^LwJl <Lww*iLo- (_5^^ J'y^-^ A, '^1 Lr^^d 

( /^5 Lo-jj .Olj-Jij-oJlj (J^ 0 ^^JL^JLwa^l d)jJ_j qJl^j 


F. Sangiorgi [et al.], «Holocene Sea-Surface Temperature Variations in the Southern (1994) 
Adriatic Sea Inferred from a Multiproxy Approach,» Journal of Quaternary Science, vol. 18 (2003), 
pp. 723-732. 

J. M. D. Barnola [etal.], «Vostok Ice Core Provides a 160,000-Year Record of Atmospheric (1995) 
C0 2 ,» Nature, vol. 329 (1987), pp. 408-414. 

J. Chapellaz [et al.], «Atmospheric CH 4 Record Over the Last Climatic Cycles Revealed (1996) 
by the Vostok Ice Core,» Nature, vol. 345 (1990), pp. 127-131. 

J. Jouzel [et al.], «Vostok Ice Core: A Continuous Isotopic Temperature Record Over the (1997) 

Last Climatic Cycle (160,000 Years),» Nature, vol. 329 (1987), pp. 403-407. 

C. Lorius [et al.], «150,000-Year Climatic Record from Antarctica lee,» Nature, vol. 316 (1998) 
(1985), pp. 591-595. 
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. A3J-> ojl y>x}\ ^Jwolj_P A*JL CL3j& Ja.A3 <Lo*5LJL*j ^Ll*J| 

La Lo-j aJ j, ^ A.v.; wC_L>cJ I ^j-5 ^_LL I ia3 A_> dJ Ll»_L? t, > Lv^~ 

C »4 I ^ .* 3 3 ^ I—) AaU £• LwO L^^ C .Vi ] 1 y&-) < »4 La^.^^" C 

d)| .La j*-&j oULv^-oaJlj <LolS"^Jl ol jLpxjL )^I ^JJU ^s^LoJl ^3 C2-*-ij ajlJI 

^y 2 -xj .^-LlJLJI ^-Ij ya ^LS"! A_Jl_P L^JLyg y±s>~j c o1 ^-L> Cl->l j j_1_j 

wL>^a (J y>- £-ojJl ^l_>j 0 V ^c-ljJl cJ^l^-A J_)J->cj t iw^-Ul 

J~Jj>cJ! CjU j^La ( J^1 j>cj aJL^J ajj .jJb>Jl ^3 jj£^~j ^_£jJl y>x-^}\ jL**Jl 

CwLjwLJLj! ^JllJl J^-SL^o y*jj\y&J C fijJa-o^oJI 1 wi_jwi_>cJ 

. aJ j-g-w*u 0 AjjL**J| j^Jl (J j-*/?->- L)Lajl £«a C AiL>cJl 


AjjjJl ( JoIjJLJI JLo-*jl^I jU •(_£ ^-JL-Jl J^L*ijJl j~J»>cJI c_J ^Ju>c_***j clAJ^LS" 
JpUlJI ^3 wL>ljjJlj ^-sIjjJI j_a Lo-lJLa <. IJ_^>- t>^>c-*-vJ J^>c_*^3 I 4 JIjLjl^Ij 
. 1 . . jLJLxj^yi^ ^£j.Ul jLj^j>-'yi ^La d->L^3L2_>l ^JJl ^pL*-J^^)M 

yL,J . (2000) 1988 _ 1987 IJ^L. LpUJ.1 L*jl^ «J^jJ^)) j 

U5 .(_g j^Jl (Nitrous Oxide) ^ j _yejJl -L™Sl ^ Ijul^j J j yJs\ j jv^iJl J ^ 
jlS lil L JuJL>J t jSU_> V J jsP C (2002) olt^Jlj (2001) CO 2 ^3 Jbljjl 

jj t __> IjiSsJ 1 yo £ j>-\ J J V?3 ^3 Ul3 Uk5"j ^ ^iwJl i?LijJl Oj Jwy 2 ^a |jj& 

CO 2 —Jl O^L;^) (L)i tj^Lv 2 ^oJl LowJg-P Lp^Jo CO 2 —i 

o|j .Lo-a^C wUj oLlwoJI ^3 cJL>cJl j-A .Ja_A3 ^ jjZ *.Jl J^LijJl ^Jl 

c A-^pljwaJl 3J^ill 0 j-w?-3j Aj^Lp j-^P aJLp jJ ol jJLJwU 

Sj^ill S^LjJL dj|j-> A^jLU- CjIJ-jj t jL>cjJjI 

oLo^JJ jl5 ^Ij ^Lwj&l ilwJl ( 2003 ) ^l^]l 


G. J. Boer, M. Stowasser and K. Hamilton, «Inferring Climate Sensitivity from Volcanic (1999) 
Events,» Climate Dynamics , vol. 28 (2007), pp. 481-502. 

J. Dibb [et al.], «Beta Radiation from Snow ,»Nature, vol. 344, no. 6270 (1990), p. 25. (2000) 

C. K. Keeling [et al.], «Atmospheric Carbon Dioxide Variations at the South Pole,» (2001) 

Tellus, vol. 28 (1976), pp. 552-564. 

D. M. Etheridge, G. I. Pearman and P. J. Fraser, «Changes in Trophospheric Methane (2002) 
between 1841 and 1978 from a High Accumulation Rate Antarctic Ice Core,» Tellus, vol. 44 (1992), 
pp. 282-294. 

T. Machida [et al.], «Increase in Atmospheric Nitrous Oxide Concentrations during the (2003) 

Last 250 Years,» Geophysical Research Letters, vol. 22 (1995), pp. 2921-2924. 
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*5 c <LoLS "j *L^P LLv^JI 0 j jjJl Jy*-3 t '-JLpJ Oj__v2_i 

oLXo<_~J ^3 c_g-JgjJl <4j-gJl jl^il -X1 >j j .‘L^pLLvgJl ojjiJl J-*_i Cwai IxJ 

.^.Lflll ^3 dljo jS^\J < I ^ ^ -<-J I ». ‘g ij yS>Z~& C 1 C yj 1 I 

(^^>Jl c_JaiJl) (Vostok) d y ^ji JlJl>- c_JJ Awdj3> ^\j£\ dL& (1)15 

(_£Jj>eJ 4j| j^p 4j wLJj>- j j^aP <Lw>-ljw« CjI^1_p j-~d CO 2 l)L> 

y*-> JL>-*JL^L> f-Lia_>- s yi od_A C-^>c_>e_vi ? Jlsj .4 w ^*iLwM % yi ?-Lla_>-'yi cli-J.5 

. ^LoJl jL>o 4 l^J j wLyg-oJ 1 ^IjwoJi dd j^j ^«wLj (Model) 

L*_i^>cJw^JI y* LL?-o^ jJl>JI <. J ^3 lj\y >Jl oLlwoJI^ c CO 2 L-_*»L*_s 


A5j c^Udl ^jl. ^ iJb . 5 ) jL^SM ^jLI^ 


P 0-3 jJl ^ } C 0 2 -Jlj ojl jS>x. Jl 

^OJJ.5 dg-Aj)) iilO& ^Jj t oL>t3 Ow2->2->c-j| 


oJoJlO ^Mp dLj* 

^5 1 ojlj->Jl o>-j^ O-*- 
ojljj>JI o>-j^ oL*>li c 

j-JLs^-j Ji ■ (2007 ) co 2 Jl ^ yA cJiy; Sjl^>Jl ^LLjl j! co 2 Jl j 
(jLo^l*d (1)1 Sj . pJgj j t ‘ulsdaj (‘Lv 5 0L0-P LoLwo -5 J-Jj>cJl c_d jLo^l jMl 

twwO^J (‘'-Oai 800 (JwL^-w) Lo>sj ojloo o^Lfi-Jg ^jkd_p 

0->LIj cliJdJ c Ojl5j>cJ| i*_dJl wL>wL>c_> ^3 c 4 JL^Ja5 c 0 ->Ll 2 J>-! -A_i c ^c-ldi 

OwL>Jj>- oU j5j .JoUJl ( _ J ^j_P dwyg-iLo O-L-lJ 3 ^>3 J_*_> La ^3 ^^r 5 *"^ 4 -vai 

olLoj'y 1 ‘Oij'yi d y -*-**^_dJ o^gLoJl ^Lp 450000 -Jl (J^5- 43-xJl oJLp 


(2009) 


r 


Ip 800 


j-*_> CO 2 ^LL jl 5jljgxJl ^LL jl _^^dl (_5^1 ^^ 

.d ^-vdj C jl *dJ dL>cJOl 4-OJ-X3 0->li>-l0 ^3 CO 2 ^d-djl 1)^ C 


K. M. Cuffy and F. Vimeux, «Convariation of Carbon Dioxide and Temperature from (2004) 
the Vostok Ice Core after Deuterium-exess Correction,» Nature, vol. 412 (2001), pp. 523-527. 

D. K. Dahl-Jensen [et al.], «Past Temperatures from the Greenland Ice Sheet,» Science, (2005) 
vol. 282(1998), pp. 268-271. 

M. Mudelsee, «Phase Relations among Atmosheric CO 2 Content, Temperature and (2006) 
Global Ice Volume over the Past 420 la,» Quaternary Science Reviews , vol. 20 (2001), pp. 583-589. 

C. Wunsch, «Greenland-Antarctic Phase Relations and Millennial Time -Scale Climate (2007) 
Fluctuations in the Greenland Ice-Cores,» Quaternary Science Reviews, vol. 22 (2003), pp. 1631-1646. 

J. M. Barnola [et al.], «C0 2 -Climate Relationships as Deduced from the Vostok Ice Core: (2008) 

A Re-examination on New Measurements and on a Re-evaluation of the Air Dating,» Tellus , B 43 
(1991), pp. 83-90. 

N. Caillion [et al.], «Timing of Atmospheric C0 2 and Antarctic Temperature Changes (2009) 
across Termination III ,» Science, vol. 299 (2003), pp. 1728-1731. 
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.jlJUJI «._J JU- jj& cLUa5"j (. \j&5jJj>- oL-^LJjJI ^-wo->cJ 

y& SjI cJl 4 j>-jwL) Lp^-^* 1 (Proxy) ^JLS"! l)]^ 

jJu>Jl ^Ijjh ^ (O 16 ) 16 Jl (O 18 ) JwJjJl 18 I 

wLi>“ twJ ^LL*Jl ^3 Cjj^>-I aLs^2jl« oL-Li j aJl^JI 

(Chemical Signature) ioL^SGl ^w 2 _Jl <1)1 (GRIP) X>^Ljy> 

A-oLwow^5sJl <L<w2_JI *\jj ^Lp 4000 _ 1000 S^La j_>-Lo jlJi>«JI ^3 

o j**S' ^5Jl JJ*^c_j^p j3j>- LwOw^SsJI <u>w2-Jl (3^^ 

*y a*_>^L wo olt ^iij - ^ t, J ^ ^>Lp 100000 ^i-p 

oL-Li d)l (GRIP) ( J y>-\ (jLo-pl j-sJ j . <U ^ojlq olljULoJ ^1_a/2j 

LgJ ^Lp 110000 ^-a ^wLiVl <wJJl jL*Jl 




20 


A*-} 


*Lo L-wOw-S" 


1 o 1 0 ^j-vu5s_*J ^y j . (_3J 1 ^3 1 jj 

J-*j j 1 ^bJL <4j_$Jl JaJj>- J-*j jl*Jl jLijol 4j>c-Jo L^jI j wLo 'y j 

^3 b y^3 ol ^ -JcJl oJ-& ^_^ 2 _jj . (Coring) _UI 2)j-5C> 

^LaJl ^^oJ-P *\*3 ^^La ^3 yj>x^~S *y 1 




_ 110000 yA ^J-il) Jj*>2L> -LJj>- I._J j»J_3*yi ^Ij^y/l C->jJa-s^l JJLl 

<l! 1 yg.7l ^JJL ^-wJclj (Creep) JlJl>JI SI (^Lp 120000 

<l315o>- 1 4jL)^«a 3 LwA 2 )1 j c xJlpJI 2)1 IJjss . a^o-oVI j^->cyg. 1L 

^3 L-^-j>c-a lj^3 *3 c_aUI 1x& (1)1 J t 4 ^oLJ 1 -uL>cJl ^3 

oil j^Jui ^Jwalxo Lp- j-^>cJl ^ 4^1jwUJ (J L>c-a iillAj .wCJj>cJl 

L^S j^ScZ (. j y>i -y2. i 1 0 JJ-L L^9 3 j-a ^jjJ>c_v2Jl ^3 ^jlj-a 

. 0 J_) Jj>- ^1 ya ( /^>jLv 2>3 ^J^SsJDoj jl-^1 jJw2j J COlj j^yg-oJ 1 cilij 

^1 J-oJl ^j-waLyg-^ ( J_P OwL) J_>cJ 1 <J LlJl Lyfl-oJ 1 0 j_A jJ 

cjL>cJl ciUA5"j .oljLiJl jl <Uyi>LoJl j-< 31 4 L^&La ^P bj«jj ^|j CaJj^/I 


A. Fuchs and M. C. Leuenberger, «0 18 O Atmospheric Oxygen Measured on the GRIP (2010) 

Ice Core Document Stratigraphic Disturbances in the Lowest 10% of the Core,» Geophysical Research 
Letters, vol. 33 (1996), pp. 1049-1052. 

N. Caillon, «New Gas Measurements in the GRIP Ice Core: Rapid Interglacial Climate (2011) 
Variability Ruled Out and Proposal for a Reconstruction of the Last Interglacial in Greenland,» 
American Geophysical Union, Fall Meeting 2003, 1993 Abstract PP32A-0276. 

E. Roedder, Fluid Inclusions (Mineralogial Society of America, 1984). (2012) 
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L cJ OjJ-Lo 1^-3 .it*- 9 6^J5 (_5^ * £>LJ> jP^/P J.&J t jJl^JI ^0 

. <U3 Aj^jLJI ^lj^*Jl ^j^aVtJlps JLjJj J-Jj>sJl 0 jjh .ilxjj t A^jLoJI ( /^L/2^»Jl j^SCj 

^3 J-JLa £-1^ja ^—) JJlJl ^LwoJl ^jj^L L.5jl ^>tJ <j) Jw\j>sJl J_>-l <^*PlLjJ 

. wLAj>J! 

^j-A^>cJl ^j-o La j_v2_*Jl d)l U (GRIP)—)I ( J l)| t (_£^>-1 d^-L 

C dS\ ^ i>jZ* oLrj^ ur ^- ! tbl jl5 (j>lp 116000 - 130000 JJ) ^J>-Vl 
oJl>- l_J ^3 ^ jj <. (2014 ) aIp 115000 JJ oJu~ dllo Ijl_y^l ijL* jlj 

d)lj c Lw^JLp j)jd^-'yi (jl (_£j->-l o jj LJj .^j jJw>cJl i—.JajaJl 

*y j_JL*Jl (1)JL)I jjji ji jl L-Pil IS J • |> ^ ■* Jw<d_*~o-] I d-> Lw*i LJL) I ^_L»*i 
1^—Lw* cJ*5L>- (_j j-^s^a <LJ t JgJLs LaLp 150 (_£J_>a <1)15 dl-L d)L3 aJ jpLw*> 




jr* 


oU 


lj li^l jJ^Ll^p dJl5 JJi cpLp 1000 olwLa ^LJ 


^0 li^l jJ* 5L_>j-L do 15 c aLp 120,000 ^J~« <J*5L>-j c ^gJa-ojJl jj_o2_*Jl jljd>-l 

^wUUJl La ^g3 ^1 (Ol>j) (1)^1 

(jLwo^/l jlwLv^l (1)15 LI ! c t_ .»Ijj>- l)jJ-» (Jlj-vJl ^gJLo jj>-l 0 

^_i_5o C LJ>-loa I ^cJd do Jj>Jl ^3 ^jj>tJl o-3*!>L*Jl ^gJi CO 2 -L 

^JL*Jl (1)Jill Jj**- ^ ^^<0 ^1 .4jLL*Jl dPId/?,) 1 OjjJl J*3 La olj jO>-l 
j^_o2_*Jl jl^o>-1 Cjdl I ^>a i d^LLwo-^Jl ^_^-)| oJJLp 4 J(1)jiL Li ^o>-'yi 
^>-1 0 Jj J-P 4j J_Jj>- La dl jl C La J jJl jl C ^ )&.*,*> jJl 

4j>c-Jo o-L)j5 do 15 Loj C Lo^lj jJu>Jl (wJ ^3 A-oLwo-5Dl d*>Lo.02.-s) 1 d)| 


jIjJLoJI 1j_a Lo 


JJ 


(2017)(2016)(2015) 


j-j->cJi ^3 pLJij a j_^ji jLid'y 


R. H. Goldstein, «Fluid Inclusions in Sedimentary and Diagenetic Systems,» Lithos, (2013) 
vol. 55 (2001), pp. 159-193. 

North Greenland Ice Core Project Members, «High-Resolution Record of Northern (2014) 
Hemisphere Climate Extending into the Last Interglacial Period,» Nature, vol. 431 (2004), pp. 147-151. 

J. F. Nye, «Diffusion of Isotopes in the Annual Layers of Ice Sheets,» Journal of (2015) 
Glaciology, vol. 44 (1998), pp. 467-468. 

S. J. Johnsen [et al.], «Diffusion of Stable Isotopes in Polar Firn and Ice: The Isotopic (2016) 

Effect in Firn Diffusions,» in: T. Hondoh, ed., Physics of Ice Core Records (Hokkaido: Hokkaido 
University Press, 2000), pp. 121-140. 

A. W. Rempel and J. S. Wettlaufer, «Isotopic Diffusion in Polycrystalline Ice,» Journal o/(2017) 
Glaciology, vol. 49 (2003), pp. 397-406. 
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I Jo- 1-L& ^yajj ^>Jl ^3 ^c_bJ 1 |*_S1 (JwL^j ojl ^>Jl 4j>-jw\j jLijo^yi 

^3 ^LoLwOw^SsJl d*>bo.■>./?.%I1 jJajJl ^^-o-> I ^Jww^bixJl jl-\JLoJ 

. jLijo'yi Jj-t ^^a i)jL>^J <—jjL>cJ oJ-p e-l y>-\ ^ aSj .jJl>JI 

1 b)l La1j»>“|j ^>-1 ^1 y~*j£ iiLwA t ^^UJl J5 ^3 cJL>cJl jj& bo-S"j 

Sjl^y>- (J*}b>- yO o j^^JL) ^jSbo-> 4wgboJl ^l_P 100,000 -Jl (J*5b>- 4x3 yj bo~a -Cd^l 


c^U 10,000 - 12,000 Jlj^ Jjj . 


(2019) 


£-<^_3jJl ^Jg-P 1 1 j\y CO^I 

, ♦ (2020)f. t .. , 

1 Jjfcj c 1331 J_> ju_j^P C 


li^l Cj\o-jJ 


Jjisi j LdJo 1 0 j^3> ^J-lU ^1_P 1 

3*~ J_>*5bL>j_P Sjl^J>- 4 j>-j 3 d-oUS' 


jL5\J c c3 j-1?\j |*_pIJ jLldo! (JljJal jL^jo^l 

.(_£ y>~\ oL>LwvJ>- y3\yi 

y* yZS ^ ^Jw^lxjJl l^>oj t jJl^JI (_J oL*1j3 ^3 d^Uaj e-UaJ^I iJldk 

j j_>c_i (-d_b>cJl ^3 ^j-o-«2d-oJl £-1 j_^Jl t jLdJl ^J-p) 4_Lo«xJLvvwoJ 1 djbdJdJl 

^ (GRIP) Jj'^bd^P (_J J1 ^3>- lJy>-yo s-Uais-Vl ojjfc jjj / ^wbwLJ* 

^-o»w*oj .d-vaboJl ^Lp 100,000 -Jl (J*5b>- (GR1P2) y^ -^b>“ 4 ojULs 

<-—> b-J 1 l y& ^bJ 4j jl -do d->l^-wO (^jljdJ wdJ->C_]l »wJ J J -v/3 P ^ZyJ>X a./3 7 

b* ! ^>ljj>- (1 )jJ-> JbJl (Jlj_~Jl ^yLuj .IJjIaXj 2)1 (GRP2)j (GRP) 

i -ui ^^3 ji ^j-w» aJj>ji ( j ^3 oj_>u l£ J^-Vi pUa_>-'yi 

S ^c-llb ^j/7 J>d-oJl |t-^"l 

Sjld->Lj>-j3 y~x ~1 ^ys (J^ ^ j->c-Jl ^r-)g *a» Ojl^j>- djL>-j3 ^_x_i (l)l_S" Lo-J 

*d3 ^^bJl ^bp (1)bSGo ^1 (jli ( <L<w_^J^ <dvoLJl ^r-lg.A,^ 

3^_P (Jl—o—w*i l (JLl.oJ 1 ^_Lp) L; y>*-) L>-Lds ja.-s >c—oJ 1 c^ 1 

(J*!)b>“ _^-4)woJl ^b>jJl ^jg_xj bdwo t (0 Jj>cJL<>Jl 45bb^<>Jl^ ( ^^L^Jl Ja^>c->oJl 


S. J. Johnsen and U. Andersen, «Isotopic Diffusion in Greenland Ice and Firn: Evidence (2018) 
from Crystal Boundary Diffusion,» Eos Transactions, AGUFall Meeting (1997) 78:F7 Poster U21A-4. 
B. M. Vinther, S. J. Johnsen and H. B Clausen, «Central Greenland Late Holocene (2019) 
Temperatures,» EGU (2005) Abstract, session CL21, Vienna, Austria. 

S. J. Johnsen [et al.], «The GRIP Ice Core Isotopic Excess Diffusion Explained,» (2020) 
Geophysical Research Abstracts, vol. 7 (2005), p. 10540. 

L. Hinnov, «Evidence for a Systematic Error in GRIP Ice-Flow Chronology,» XVIINQUA (2021) 
Congress, 2003, paper 87-14. 
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JLo—C (JljLoJl ^i_p) f-ljLJi (Jj-s/2-9 J c iw«_A'y c_4_w^ Jj-v?-3 o jULlI 

4-o^*Jl 4 j jULl I ^L^Jl 3 I ^3j . L%^l (_JJa-^JJ C IS" {3j*>> 

^^Sjj .ojly>Jl JJiJj c ji^JL (Gulf Stream) ( ?^Ji>Jl jlJ I Ajjjli ^ ojUl 
ol/y jJl j-*-* 1 j-^P *• iS ^3 c_>2-valOjl^>cJl o j_& 

jj>tj ^-Jj>cJl jLJ 4j>cJoj .|j->- I^jLj Oj-^j ^3 L* ^iJa-Ls 11J-X5"j oJ->CLoJl 

t (North Atlantic Drift) JU-J* y>- U ^-vaJ JU-^JI 

J_*_> <LJLo»JLj| 




Ldl 


i~.L-l 

(2025)(2024) 


• 0 4_^wv«Ua I i ' 3 ^ ^ “^3 

(2023)(2022)^| 


1 Ja_ 


Jl j_-_P ojl0*-j3 ^3 

f-lj^-U ^3^JLJI _ j_*Jl ^L^w*u'y! ^3 ^UaJol ^»J»P ^JLo-*lJlj ^1>J| c_sl 
,^>c-s^ 0 wA_^_5" olil 0j_5sjj c (3 j-~3l N 3j^3 ^ j-~*\ cjLo-Ji j_<_p 

t-\jJ* c_^_L>e_j |j_Aj .L^3 j -^3 15"j-^l cjLowJi Ja_*^j ^_<_P 4-ojJ^>- olil^> c_jI 0-l>Jj 
oL^IjJJ ^3o3jLJl *LlJL!I Jj_v2_sj Lc_JaJL)l 

Ja-^>c^Jl (3j-^ * 1 3 h^-!l ^j. o 3j^Jl jj .IwUS”J ^uS'^^j'yi oJj>tLoJl 

*y Lowji j-i^A»*yi cuj>c_j^ *ij_^ji 4-Jl>- c <luj_*ji ^-^J3?'yi 

.^-wvsJJa'yI Ja^j>c_^-LJ ^_3pJ_>Jl ^3 4j»9l3 f-ljLJi Jj_v2_3j 

ojl^- t dUi ^iLva} e-ljJLwo^yi Ja_>- ( j_^ «LojJ J^LLa ^3 OlJa.*>c-^J' 

d^ljLjo Jl 3 - 2 **-) ojl^->Jl Li c j^c-«JlJL> ojl jS >cJl Ajla-ij 


0^1 j A3 0 wLjI^^oJ i jj>c-Jl ^cJg-^ Ojl ^>- 4 j>-j3 l)| (J j-4j L>-1 jZ3 1 <Uj <^iiJl-LA 


S. Nigam, I. M. Held and S. W. Lyons, «Linear Simulation of Stationary Eddies in a (2022) 
GCM: Part II: Mountain Model,» Journal of Atmospheric Sciences, vol. 45 (1988), pp. 1433-1452. 
B. J. Hoskins and P. J. Valdes, «On the Existence of Storm Tracks,» Journal of (2023) 
Atmospheric Sciences, vol. 47 (1990), pp. 1854-1864. 

N. -C. Lau, «The Observed Structure of Tropospheric Stationary Waves and the Local (2024) 
Balances of Vorticity and Heat ,» Journal of Atmospheric Sciences, vol. 36 (1979), pp. 996-1016. 

S. Manabe and R. J. Stouffer, «Two Stable Equilibria of a Coupled Ocean-Atmosphere (2025) 
Model ,» Journal of Climate, vol. 1 (1988), pp. 841-866. 

K. E. Trenberth and J. M. Caron, «Estimates of Meridional Atmosphere and Ocean Heat (2026) 
Transports,» Journal of Climate, vol. 14 (2001), pp. 3433-3443. 
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dV jJl 


cjdv^L>c_>j c 

j_>c-Jl gjg. Sjl ^J>- dJ>-j 3 ^3 JuljjJl ^ 

JL_JL_Jl ^j_>c_J! tJ*)J*-Jl ^Jl CO2 a-sL^J ^.jljJl ^_>jJJl jl 

( j^ws_Ls t LiJ olk .s >c_^J' ISJj .AjJ^li*- 0 j_So oj_Aj 


?Lp^I jl j_SsJ 

A ^ 5 >—■«_^ I Owd^^r * -O. ) I 

-Nl 

^ * “ *=- 'w' ^ ^ ^ V 

, liJ ol k .s >c-^Jl 

CO 2 JLd& jlS' IJj . \ ^0 jLd& (1)1 0 JJ ^_*/2_)L> 

^Jwol^-Jl ^j-^-9 ^(jLwsoVl OjJ-s/2-d 1)1 Ojjj-yg-lL) ^-L*-J |j_£3 t (^^J>cJl »J^L*Jl 

^-Lj) ^ j_>eJl ^i-<LwvJlj LLJl oLaJJI ( /^o (_5jLiJl A^jwowygJl (_£>Ml 

.UJ Ja^c-Jl cl)^S" A33 J^S\ JJjJl 0 JlAj .<Jl>Jl ^Ij^Jlj (j_>^>Jl 


jj l0 j+£j <• j^j *" ^-J1 3 j-p d)| aJijlji 0jjajji i)| 

gJa.^*1 0jl jj>- dj>-j .5 JJl d —j J-j>c_]l ^_>^_^Jl jl j-^-^~ >J dj>c_CL> Julj_> 

^Sjl jl^Ml jl ^>1 oL-Ijij tiL-SU, S^j ^ 1 (2030X2029)^J| 


, it, . (2033)(2032)(2031). 

LP 2 I ^cJUj . 


do 1 ^do'yi j-waip^y 13 jp- ^3 oi j^3 iji ■>>- (d 
t ^Josl^P 0 J 0 J oJJL*~a O^ApLaj yo t^*JJs?*yi { y? y>- ^3 ^3^1 ^^ip C do I ^d-*j J I 
^lo^Jl 0 j_j>c— Jl ^r— )g-.*Ai Ojl>- L ^_>Jl jl^_dJL-<o'yi l_^ _3 I — o 1 

JldA |J dJl dwJLJl ^LpVI JaLlJ d^olj^ CJ-o jJj . dO 

Jl5 IoLo5j>- Iwbljj cl)lj td^-s^JJl 20Jl d->l^_L*Jl (Jl)\J :, “ ^LpVI JaL*lo ^3 jjIj 
_ 1996J 1995 . 1986 ^ olyJJl 5 ^Jl 4 ajJ ^ ^ LpV| ^ Jld^ 


P. J. Webster [et al.], «Changes in Tropical Cyclone Number, Duration, and Intensity in a (2027) 
Warming Environment,» Science, vol. 309 (2005), pp. 1844-1846. 

M. Mann and K. Emanual, «Atlantic Hurricane Trends Linked to Climate Change,» (2028) 
EOS, vol. 87 (2006), pp. 233-241. 

K. Emanual, increasing Destructiveness of Tropical Cyclones Over the Past 30 Years,» (2029) 
Nature, vol. 436 (2005), pp. 686-688. 

P. J. Webster [et al.], «Changes in Tropical Cyclone Number, Duration, and Intensity in a (2030) 
Warming Environment,» Science, vol. 309 (2006), pp. 1844-1846. 

P. J. Klotzbach, «Trends in Global Cyclone Activity Over the Last Twenty Years (1986- (2031) 
2005),» Geophysical Research Letters, vol. 33 (2006), 010805, doi: 10.1029/2006GL025881. 

R. A. Pielke, Jr., [et al.], «Reply to Hurricanes and Global Warming-Potential Linkages (2032) 
and Consequences,» Bulletin of the American Meteorological Society, vol. 87 (2006), pp. 628-631. 

C. D. Hoyos [et al.], «Deconvolution of the Factors Contributing to the Increase in (2033) 
Global Hurricane Intensity,» Science, vol. 312 (2006), pp. 94-97. 

P. J. Klotzbach, «Trends in Global Tropical Cyclone Activity Over the Past Twenty (2034) 
Years (1986-2005),» Geophysical Research Letters, vol. 33 (2006), L010805, doi: 101029/2006GL25757. 
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IJJfc 


jj^j jJ j c c-Jl Sjldal j^xIj j*jxsS\ I Jj&> ^ Lo-j j . 2005 

. (Observational Technology) 4_oJl L_>-jJjjJ>d!l jj_kj 




oL^- o 


J- 5 


jj-Ls Ua_}|jJ ijl-LA 2)1 


(2036)(2035) 


(jLo-p'yi o j ^j-o-*yi 

<^S jj* <Lo I ^ j I jl j c *y 1 jj>- ^3 Lp 'y 1 j jJaj j t-J 1 

^^jj_^Jl jl I jl jdoj . I ^ J>-P is»Uj>Jl j j j is. i ^_3 iwL>- 

jlSjs ^3 jl ^-wJ-t'yi y>- ^ wbl^uJl j^valpVl JaLD ^ li} iS jjjJl 

.d^LS *>^3 C^Jl*Jl ^3 ^i>“l 

c 4 _j2_v^Lp o j-J^S' d-2007 ^Lp ^-wv^Lp'yi ^_~<>j-^s d-> L*_9 j_> doLS" 

ddaL*J doJl ^3 74 lg_)Ld-l d^ 5 jij t diiSjj ^w?LpI dw^->-j c ^w?LpI 4_*_d>j 

(3 J-AJ d>L*3 jjl 0 COLS' J .dS" ^1 oJjsdxjl OLN jl! ^3 jdJl Jj^LJl O’ j+Jsl) 

^^SGI jl^/l jl OjL^>l a! 1 3dP (_jLo d3j . ^a-ojIdJl Ja-OjdoJl 

/(Jj^l j jjIS" 3j_L>o j-w^lp^l |t-oj^ ^_g_ol LsJ-lPj .^-^ojJl ^^...Jl j_& 

d>j) jLdSjj jljLv2_p|j (^j>ojldJl Ja_ojdoJl) j+-*^\S'\ dd< .lildA jlS" c 2007 

. ( la,**! jd>Jl d->o) dS” ^-03 'yI OwtadCoJl dl^jJl L^Jwo J^l o’aj ^_Jj . ( la «.»» jd>J 1 
IdSjfc j .^>ojlxJl Ja-ojdoJl ^^J-jj £3jdoJl dJu d^-S"! ^djl ^waLpVl dUa do IS" j 

i *- J jl j-^l ciaL*_3 jS JS" dolS" j <. 4 _pLa 3 3 j->c-^ 2007 ^Lp ^walp'yi jos j LS" 

.fcku*. ^^sjl jl ^1 


4_Ss_Lo^oJ| ^3 dja>cJl I odSsos ^j- 0 d j-P dL*_S jJ JoJ-*_i doLO? j 

! jJl i«jSo>Jl jjtpj Jl^j ^2007 j»Ip ojl^>Jl 4a>-jw\j <Wal>- oJj>dJl 

C^LJI Jo>^l J* li/'yi ^UJI ^JLiVl ^ j_ji^o 2007 (>Lp jl 
^3 ^IjwoJl <^l j-y~ cJj-^j IdSjft . 1998 p 

2007 ^UJ dJUJl oji^>cji <^>- jj^j ji ^.3jdji ‘^j^yi ^UjVi odSjs 
d>-j3 14 L&jIjJLsj (1990 — 1961) dsVl ^JojJa Ja-^jdjl (jji djds d>-j3 0.54 

. 4j jXa 


L. J. Shapiro and S. B. Goldenberg, «Atlantic Sea Temperatures and Tropical Cyclone (2035) 
Formation,» Journal of Climate, vol. 11 (1998), pp. 578-590. 

P. J. Klotzbach and W. M. Gray, «Extended Range Forecast of Atlantic Seasonal (2036) 
Hurricane Activity and US Landfall Strike Probability for 2007,» (2006), < http://hurricane.atmos. 
colostate.edu/Forecasts/2006/dec2006.pdf >. 

< http://www.metoffice.gov.uk/corporate/pressoffice/2007/pr20070104.html >. (2037) 
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Jj . 2007 ^>Lb /^^Lcll 0 ^j 15 2r° j-]l cr 3 ^ J-]] lb_& 1)15 
3 j\ Jj>~\ Co IS" Jl 2007 j>l*J cJ_*_s oLwoLi ddoj . coLi c jLS" ^jp 

. 1995 dbs 3jj^lj (1) yA\ 


j^\s\ y* J Ij^aJ ojC3 J*}Li>- 1JL5*- o y 3wUj ^^v?LpI C*_>jI llljjfc d-oL5 
tww-^j ld-& jL5 j-la-o-ll (JI^-wvJl (1)15j .L5j-wol (jLo— s> 2004 ^Lp 

JaLJb 2)1 t* ^-s^Lp^I ^c-Jjlo J3 j>CC^ ^(L)La^J| d^vu (^3Jl ^S\Jl jl^a*-^! 
jJ C *51 ^CoJl ^v^Lp^l iSlia y^y* J L>5 t ^oJlaJl JIjdwo^l ^walp^l 

«Lbjl5» jLsApl Jy2-P- JL3 J 


(2038) 


2005 Jl 1990 j>Lp y* ^IjjcI ysibJ 
LJu <c>x-Co 2004 jLv2_p!^ c 2005 ^Lp 

. Ao J1 ^>cJl .Lup^oJ 1 daljlJ <1 )Ijj 3 o J 


^-wvJJ^'yi Ja^-o 0 j-i ^3 o3J-*do 3 jJL*J daL>J_>JJ C>tdj 2004 jLs<a_pjj C 2005 ^ Lp 


cl) | j . (1) 15 Lo-g-o j^Vl J jj3 J J c yj5LJl jJC^'yi (1)1 IJ-ft J»*-> 

^^J-P <_«0L5Jc^Owo21 ^^3 ^L^2jd*>^ 1 ^ <«m_] 1 (_) L^-*»*> 3dP ^^3 d-*. 1 */? a»- d3 ( o3Lj^ 

3jJJI J ^LpVl dJL5 JJI JjJl d)lj c J^Vl J^UI ^lJLL-1 

.^3jC* j_& Ls ^jLp d~Jl Co3Lil 1 

Jl^jc-o^yi jLyg_p1 ollLo o j_pL i doL5 (1)| ^ t d>-Lp d->Lwolj3 (Je-Ldb 
^_3 jj ^3 -CoV1 cLojJa oLaL>cJ1 Jl5LJJ Lo*j J-^Lp ccl*j ^oJL*Jl 

15 -fti ( i]L>c_>j . 0 do J-CJl ColjC-wo^l Lp^l (J y^2J>- jlj-^o (_ 5 ^J t jLv 2 P ^/1 

j 1 j5\J ^j- 0 ^ ^ ^ dl^o ^ 5J1 j5sJ 1 j 1 y>~ ^ 1 (1) Lo cLj Li! 1 C^-w^J 1 j ~L>cJ 1 

c ^UJI ^ ^ j_l_*Jl ^3 cc*!>L5\_Jb<>J 1 L)}j .LgJJj j-wv^Lp'yi 

oLoLi ^^>0 doLS" d>l^oUaJli ^ c>eJ Ld ^p (1) j5Lj J-i cc Lj j Lio dU 3 ^cb_j 
j^>- 3 ® ( 1)^1 oULJl .oljjLoj_L 5 ^-yg_) ( /^o d>-Ls^o ( 3 ^Lp>U 

CoLyg -3 1 jy*0j C ^wdJl cJlp 1 jy*P L )1 dSCoj ^-o-]l doU . ^^PLda-y? 1 


o3Lp 




LkJl 


dljLo Jj>-y)J . C3 3 J51 jUap! 0 JwC 


gold j c cbl ^c-wol ^dLp'y 
. c 53jl JaL*.>c->oJ 1 <_J^P (jLo-Joj ^^vsJJa'yi la.^>c-x»J 1 daL^oL^S ^3 CoJaJLbo o jy^Lj 

,IpV 1 J^LJio ^3 ojjLj da La L>cj 1 .illcft |»-] ^al daLwoLJLll oijs ddo J 


P. J. Klotzbach and W. M. Gray, «Causes of the Unusually Destructive 2004 Atlantic (2038) 
Basin Hurricane Season,» Bulletin of the American Meteorological Society, vol. 87 (2006), pp. 1425-1333. 
C. W. Landsea [et al.], «Can We Detect Trends in Extreme Tropical Cyclones?,» Science, (2039) 
vol. 313 (2006), pp. 452-454. 
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^j>\ Lp*yi oJwjji <Lo \i ^w?Lp*yi j^sj j <. i960 -na 

.2005 ^Ip Jl 1986 {[* y LJIp J&)l 

13^ . Jg.^>c^oJI ^3 ^-w^lp'^1 3J-P ^jJ^A> c-j jl(1)I 

^Ls-sJl 2)jJj-ll 4_>Lg—> <\Jl Oj_>c—)l J^>~\ o^wvJ>- Jjj_9 C *)^~*-3 c——S'j_SCJl j_1j>-I 

c al<JI 18 ^Jl 1?..s>c_^J' j-w^Lp'yi 3J-P a>^^ t ^ j-JL*J I j 

_> 1$_>I^>-j 4^5 "oA^lJI oLN jJl ^Jl (Jw2j ^1 ^w^LpVI 3J-P 
^3 jJ—100 ^^i-P Aj jJ ^L>jJl AP^-*>) 0j_~-S\Jl j_*Jlj C AUoJl ^3 30 

39 ^jA ^L>jJl ap* j ) Adi^^-*1^1 IaLoJI ^3 8 _j a>%iz~*a (apLJI 
UlLjl cu>JI IJL* £^Ij . (2040) 4xJI ^ 27 _, (SpLJI J\jj> 11 

'. C_3^>cJlj Jh Ls A)l^jJl ^5 I j c2006j 1980 j*j j^\sS\ 3J-p ^ 

j! c aJ>I j-*Jl J j^~ S-bl^^oJl oL^UfcJ^yi oj5o ^.pJJ *)I Lu>dLd <jp) 

.((^^f^i ^_3*)^-*-ii ^3 AU3jJl A^ljlp ySjj ^3 l^S" J>u ^^Ji LpVI jl 


Jw*_ll £_;ljjJl ^j-a U 0-1—Lj>- (_£ j_>- 1 ol—~dj3 

^^.j_^>Jl j—j—s^L-pbLJ JU.VI 4 _Jl_>j_ 1? '(Tornadoes) 

Ls^-ij j^ p- 

t c-jW?I j_*JI J^LJLjj ^ 2045 ^ 2 ° 44 ^oJL> J-^Jl ^iJa. 11 J y>- 

S^-oVl sjl^jl—! l oLiNjJLJ 


3 IJCL 0 I ^_Lp 
(2047X2046) « 


T. R. Knutson [et al.], «Simulated Reduction in Atlantic Hurricane Frequency under (2040) 
Twenty-First-Century Warming Conditions ,» Nature Geoscience, vol. 1 (2008), pp. 359-364. 

H. E. Brooks and C. A. Sowell, «Normalized Damage from Major Tornadoes in the (2041) 
United States, 1890-1999,» Weather and Forecasting, vol. 16 (2001), pp. 168-176. 

W. Gray and P. J. Klotzbach, «Extended Range Forecast of Atlantic Seasonal Hurricane (2042) 
Activity and U. S. Landfalling Strike Probability for 2004,» Colorado State University (December 2003). 

J. B. Eisner, K. Liu and B. Kocher, «Spatial Variations in Major US Hurricane Activity: (2043) 
Statistics and a Physical Mechanism,» Journal of Climate, vol. 13 (2000), pp. 2293-2305. 

S. A. Changnon and D. Changnon, «Long-Term Fluctuations in Hail Incidence in the (2044) 
United States,» Journal of Climate, vol. 13 (2000), pp. 658-664. 

S. Changnon and D. Changnon, «Long-Term Fluctuations in Thunderstorm Activity in (2045) 
the United States,» Climate Change, vol. 50 (2001), pp. 489-503. 

K. Zhang, B. C. Douglas and S. P. Leatherman, «Twentieth-Century Storm Activity (2046) 
along the U. S. East Oast ,» Journal of Climate, vol. 13 (2000), pp. 1748-1761. 

M. E. Hirsch, A. T. Degaetano and S. J. Colucci, «An East Coast Winter Storm (2047) 
Climatology,» Journal of Climate, vol. 14(2001), pp. 882-899. 
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(2050)(2049)(2048) 


aJLLw*) ly?,d ICPP a _ 


o jS CJ c_i_v2jJl j-w?Lp*>Li ^^Ljlp^M ^_p j.^ a .oJ 1 

^3 j^'yi jl5 L>5 c ^UJl (1)^3 jzS sJl ‘Lw^j'yi 

. ^ C-4-s^lj-*Jl ^J-P (1)1 ^*-Pj-^1 ^ y*^ (1)1 

^-s^Lp'yi (1)1 j-4r^ 12007 ^Lp ^Jl 1851 ^Lp olJjol ^w?Lp^)\J ^sj 
av^ j-4-Jl 1 -LpI_v 2_3 1851 o jJLaJI .LjLp 60 ( ^a oljj^ ^_3 

^w^l-p'^l J^LJLj ^3 oIjj 4j 1 *L^ljw\Jl Jj>c_j C L^Jwfl J-JlLjLS” ^L^ljjJ 


dJUl5 c (2052) CO 2 JJ «oJLjIjjl<JI» oL~J)II oIjIjl^L, LU 


jJl o^JLl (Proxy) ^J^>c_*^5 ^_ojL^J 1 ^_>c-Jl ^ja cx>LoL>-^ oJl 

J_3 j}\ j. w^Lp^/1 d)l JJlJj ^1730 j»Lp J-La jJ>s_Jl Q-U Sjl^J>- 

o_Ls 


C5- 3 


IwJLv^ 


JJ 


^j^sljJl (1) jJiJl 


u-* 


JCa ^ y>~\ o y» wbl^xJb ^w^lp^l ^J-P 1 Jl>j . l jj jJLx Jl (1) jA Jl oLjwoLoJj 

< 3 j^oJl ^L>J l bjj*~* d)l5 4 j1 /%-^jj c 1j_>- ida-^Xo ^v^l-p”! |t-^ljJl (2iJ^ 

(1) yiJl JCa c LwoJLp (La jAj ) c_ApLv 2 _> J-3 4_ol 1 ^waLpVl jl (1)1 

OjjA Jl (^Lw^ ^3 L^*-^Ja ^JL> LaoJ-Pj j-w^l-P’^/l jlj5d> (1)1 j-^P i 

.4^5>LJl 

(New JjLJjjI j-o (l)*y L y>^A 2005 ^j.^Ja-^v-p 1 /^_d ^3 Ll>jJ15 jI^p! d) 15 

oL -y (Compaction) ^ys-y?y *mj <J^r*7 oJl5 Orleans) 


K. A. Emanuel, increasing Destructiveness of Tropical Cyclones Over the Past 30 (2048) 
Years,» Nature, vol. 436 (2005), pp. 686-688. 

P. J. Webster [et al.], «Changes in Tropical Cyclone Number, Duration, and Intensity in a (2049) 
Warming Environment,» Science , vol. 309 (2005), pp. 1844-1846. 

M. Mann and K. Emanuel, «Atlantic Hurricane Trends Linked to Climate Change,» (2050) 
EOS, vol. 87 (2006), pp. 233-241. 

L. Bengtsson [et al.], «How May Tropical Cyclones Change in a Warmer Climate?,» (2051) 
Tellus, A 59 (2007), pp. 539-561. 

P. Chylek and G. Lesins, «Multi-Decadal Variability in Atlantic Hurricane Activity 1851- (2052) 
2007,» Journal of Geophysical Research, vol. 113 (2008): doi 10.1029/2008JD010036. 

J. Nyberg, A. Winter and B. A. Malmgren, «Reconstruction of Major Hurricane (2053) 
Activity,» EOS, vol. 86 (2005), p. 52. 

P. J. Webster [et al.], «Changes in Tropical Cyclone Number, Duration and Intensity in a (2054) 
Warming Environment,» Science, vol. 309 (2005), pp. 1844-1846. 
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(2055) 


4Pt *A*-9 j-o OjIS”j . (jj‘UJjJ>cJI oL^>J! ^1 y>C^\j 

^ol50 . ^ ^UjjjLS" ( Jw-3 0*Aj JiJ Jj>-Ij 

)|j ^Jj>e_AJLwJ j (3 j-*Jl lA_A ^_3 LaJ Aij .1 

ajL^Ssj ^J»>- JajixJl ^*1 y> cJLw*>l^ c 4^5^4>cJl oL-oJl ^1 


l (traffic) 

4_L>wLoJl <-J ji J 




(J^* Jj^ <_3 ^Ap'yi o*y c l^ 3 ^-w^ip^AJ <lol*ji jUajs-'yi c)j 

jl t ‘LjIjj oLg-j>-!j o3 4 _JLp 0j_*-wvo <u_S" oJ->tJLoJl oLj^yjJl 

L I ^T 1? * 1*1 l, -• 1 I I t ^ a 1^ A^3 | ^ <1 Lo 


(2057) . 


^31 C-J3J (._->|J^>cj|j (. LgJw<J ^>S 'y ^Jl ^-s^lp^U iiljcA ^vJj 


lJjj>-L& ^_JLJl ( jj>c_} JJ j-^ 


AJI 3>»j 1 ^ 


t UW? 


Ij^Jl 


r 5 


.c-^-s^ 5 !j-*Jl (3^(_5^ 4 jA53s oLJLl« Lj wL-Juj cijliA A3AJI ^jp L>->j c ( Jo-I^-*3^ 
^-P . CO 2 -1) ^3^JlJ ^1 Ip' yI Cj*~* 43^\p JA& 

0 j^>t^JL> ( j-'-3 *AJ 3wbl^t<Jl s ji ^Jl j^y 0 j_Jlo ojJjj ^j^Ul ol 


ali^'yi <U3 ^a*lj| <Lj jJj>Jl ^fiy J 


^ya Iwblj^J 1.5 Jp ^u! ^j^Jl j)JJ JjA> OJI^3^1 (Ji JwLoj 

^A AsLs^l C jJuoj .L*LJ <l 3 I oJ-J>tJLoJl oJ^y jJLj 0 j j-A/?->c-aa j-w^Lp'yi 
ci^LaL>oL> As*Ap L^J ^-w^Lp'yi 00 ) t cJJ^ 

Jaj>o ‘W 3 j*~* y>-\ >\^y\ j\ j\^\ 

y£*j]\ <y^' *• (J-)) j"~^\j ‘A'y <• JA<Jl ^Jw^-wo ^Jp) 4j^jwC>cj 4»^s*Ap , | cij*Ax>j>cj 

) jr ^UVlj JiL~ IfJ J;^ 3 0ijL ^ 

iJLs- j-SI J-X 4 JI Jiii t^ 2059 ' > L^jLLa Umjjlj ^ 


J. P. Ericson [et al.], «Effective Sea-Level Rise in Deltas: Causes of Change and Human (2055) 
Dimension Impacts,» Global and Planetary Change, vol. 50 (2006), pp. 63-82. 

T. H. Dixon [et al.], «Space Geodesy: Subsidence and Flooding in New Orleans,» Nature, (2056) 
vol. 441 (2006), pp. 587-588. 

K. A. Emanuel, increasing Destructiveness of Tropical Cyclones Over the Past 30 (2057) 
Years ,» Nature, vol. 436 (2005), pp. 686-688. 

J. Nott and M. Hayne, «High Frequency of Super-Cyclones along the Great Barrier Reef (2058) 
over the Past 5,000 Years ,» Nature, vol. 413 (2001), pp. 508-512. 

K. S. Valdiya, Coping with Natural Hazards: Indian Context (Hyderabad: Orient Longman, (2059) 
2005). 
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. 1930j <. 1926j 1 1893 *1 j*I J tw-UJl UU 115 Jl J*>1^ (10) ^ 

c_j 1 j-s^ 5 aJ 3J-p j^S\ <1)15 <. ^l^s^LoJI ^>JL*Jl • 1930j 

^kJl JJlpI J^J . 1998j 1992 ^Ip ( 6) 0JU4JI J^l^-Jl 
. 1918 ^Lp I913 ^>-1 j (I1457.3) 1917 ^Lp jj^J! 
1288) 1988 aIp >uJl JJlpI <jIS cw>Ul 20 Jl ol^iJl J^i>-j 
>-Jl J jIza .(I939) 2000 ^Ip <1)15 J>&\j 6 1288) 

4JI c ^IdJl ^^Lp ^J^Jj 5 2005 /j j-o-> 27 ^3 ^3 wL>J_*iJl 

^j-A do^JjJl J^kljwoJl jJgLoJl J jk_A t l ^ .».<*■ >3 J 4_pLw*» 24 _Jl 0^d3 J*^->- 

I ^ w\ 1^ J ^ • ( I 94.4) jjjS LlL-j .( 7.3) (Colaba) ^5 

.JdgJl ^3 j-w^l-pVl ^>jLj ^3 jjl 4 J j^Jl jl^^>-^1 (jJ J 4 XJ 3 ^4*^3 

J5LJI LjIjJl^/I _^LpV| Jbpj .I^LkJ iLli LpJL>- ^^LpbU dl 
^Jl jL^jMi Lo.Ja J SJLS'LuJl 03 LJI JkjJj .k^jLJl ^^Lp (Erosion) 

d-> Lk->e_k I ^j| jl^l *U>JgJ I d—>cJ d^li j£s Jl ^*51 C d-> Lk->e_k I 

olk^Jl dj LJ I ^y» oU jj jJsJl ^JJL C-Ak-Lj . <Lol jJL^^yi ^-w^l-P^I J>^->- 

oll^yxJl «U c (2060 V^J vV-Vl 

. 1PCC ^oLq-j ^1 ^3 djlkj>c^>Jl ^ll oJ-& 

wtwwjl 

L -»^^-fl-J 1^ t I ^^^P C .3 L? ^ I ^ 1^ Uj ^3 I ^ 1-) 4 

c ojljjJl jj^j>J|j S^Jl ^3 oLpLaJJIj (. 3^-oJl ^3 cJL>Jl J-Jj>Jlj CJ_-J*Jl ^3 
c Ij(S mog) JlJ-c^-s^ 5 jl L2L>-3 Llw? N j-^j olkko ^3 jLiJlj 

Oj^ t oldJJ ^SlJ-P ^»Lw*»l J^jjJJl J™Sl l)} LoJ” . Lyi>-»> Ijk-« 

.^^j'yi oLj>- iil^A (j^5^4 c O^j^^Jl wd-^S'l 


ijilxJl Jl 0JJ3 

Jl !Njl Lla L^_*^wwddA«j ^a jtS I oLs^-c-U 4 ^a»L^iI 03k i) j->j £-^I J} 

^-^Lw*>l <^lJ _p 4_>c_4lj 4 J (j^J ^ J^-^Jl ~L™SI 


R. G. Hilton [et al.], «Tropical-Cyclone-Driven Erosion of the Terrestrial Biosphere from (2060) 
Mountains ,» Nature Geosciene, vol. 1 (2008), pp. 759-762. 
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(1)^i_P oL^s-cJl JlSj .Lg_L<JjJ ^IJ-xJl 4 _LwvJ^*> t OLJJ 

Ji>'j -Oj-!^l u^J^' t_5^ 1 > J "'- S ’ J-^ ^ ^Jj>- J \Sj •‘4-'- p 

^>jj .L^_i>c-wvol y 4 JoLwoJlj p|j-^Jl CO 2 oULJl j <«JL>ciaJlj 

jl IwLp- jL>-j c wLJj>cJL> ^Ja_*^s ^j«vwJ 4 jISj txib L-^S"j5" CO 2 y 3 -^. *• *b>Jl jL>o 
f -\I ^3 o^j5sJl oLp^/ 4-Jl iil-i* ^j-SvJ ^*3 blj . aJ^LwsJI oLwoJl yo ^y>u^ 

.5LjJ? cJl5 (Reservoirs) oUI^>Jl oJl& jU t^LJlj 

oLw>xJl dJ J^j £HJ ^ J *^\->- jl L) CO 2 cL->l_J jSd^a d^—i-Xjd-> 

( j£j ^Jj c f-lj-^Jl ^1*31 CO 2 3 ^"-3' Cr* ^d*^3>- 
c ^2 j5j>cJw<>JI CO 2 ^L3 ^3 ciUj ^JjLa *Ua_*3lj 4_ilIaJL> *Lo-*_jLa CjLjJI oLj>- 

l ^ j_dl L^j>c_>I 1 -v2_>L>cJ^3 CO 2 (_£^*-3j *fj~d^ (JL>cJl Lo-5" 

^jjljJl ^_3 £-1 ^-3 CO 2 (_£ ^-^- >c - >s t .clU^ AJLwJl 4^oJg_>' 

CO2 J l5_& .d^M oljJLw^a c_3l_*_v2l OljL* jl ol j_JLp ^_£s_«_oJl 

olij_> j £\Jl j jJ>*^2j ^J>c_aJ1j C jUJl J C JajUl J C jJ-Px-V^j 1 ^3 ‘LtJ Jjj£ OLS”j-o-S" 

cJ*>Vi>- 


d)^Sd!l jJ-v?-» 0 L 3 C J5U Ld-p jJajJl t ^S"lJ 1*5 d)^5d 


CO 


2 dr* 


4jlP 


UJI ? Jlp oUUI 


{j, o-3 .OLJl ^ 
LJl ®j~j*>Lwa ^^-3>^-iJl 

**vJ I ^—3 L> I ^ . {^C) ^-^C-l 1 


j j_j 


*^_3*!>\jJl CO 2 Jl ^Ljl iw 

oJ-fc ^ CO 2 J (Jws3jjj-15sJ|) jj-s^ 2 J>cJ|j 

t_)^J I C L^. S* C_J (_J^L»wO^ . ^ (^.y!? ) ' ^-.1 - - ^* L^I*> ^/! W LJwOw^—1 ' ^ 

^3 iw^S"J- aJ .Up*- oL^u^fl tL^ilk)j 

^c_3*!lA^l ^5 CO 2 (_5t pj-Jl jd^sj CO 2 ol5 4 '-^ 5 ji 

yd>rLj t u5ClL^ k )\j *L^>-1 j>-j Cj^» o ^3 4_jjL>cjJl L>c^>JI j-*dj . 0^1 

^^vjJ ^JL>cJl ^<-_3*!A-*Ji ^3 c_3 L*-v2?1 CO 2 jJ 

oli jj* *iJl ^LlajJl ^_3 Lp ydS^\ oL5j_^>J! d)|j .oCjJI j_^-> 

jJ| ^2-o2j>cJ iwJ-i? ^}j .C-3j j^o C_jLLx>c^j ^j^j*)Cs 10 j->tj ^_Loj C 0j_> 

d)|^ c ^oJ-P j^oLLj ®0^5sJl ^_L)W ^Jl .4_Lil ^a| 0 

.4_oLwvO^[| 4j jJ>cJJ 0 J*~*J2J* S jbl 4j ^-SC-dJlj oL^>cJJ ^L-VI 

^iw3>^-*Ji ^3 4 _j ydS 1 oljLiJl (jjjj^Jl wL-wm5"I ^jIj J-*_j 
582 ppm j! o^JuJl jj* *'yr) 385 ppmv y* *j^S 
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IjJ (Mauna Loa) UjL C0 2 ^LS bka*^ cu— li J-I)j .(bL5 ^ 

blJu 380 ppmv ^1 (1970) 325 ppmv y* C0 2 ySy Jz 1 JuljJ (^IjU) 

Ao-pJl dlL J c ^cJb>cJl j-* Li”J .^2L*Jlj ^UJl (1 )^jlji 

clPCC JJ> y» bu>yc^<Jlj 280 ppmv ^j bpLyaJl ojji!l JJ> LJ bya^bJl 
.JjLJ £_yaJ^ 3 cp 23 L^ 3 £ '-^^>Jl obUl ^yLj3j>Kjj cC0 2 ^Li ^j-b 2)b 

d^lJl ys>-j y^LLo ya C0 2 ii*L.^.JLw>< 1 ^ ^-»-bya J_aJ 

^3j .e-LJJl ^3 C0 2 jlwLyajj c c..a^yg.ll bb’j'^l oj5LJ ^LbJl umJ l ^ 
2)1 l5 JL^IjJI C0 2 —U c ^1 _pI ^Lp C0 2 (1)^^j c <ljowC<J 1 (jjJaljwoJl 

. 3000 ppmv ^51 jjib 


C0 2 _i! jlbb jJJL C (_£^>Jl y_3>bbU <ulSJl aL 5\J1 (jL-*JL^>L> 

yo yb jLL>s 800 J cLL*_^ t yb jLwL> 3000 y jj>&Jl $>bbil 

.C_*-S" j&\ ^Jp C0 2 -3J 0 j-^by2Jl Ol3lj_>cJl Js>~\ yy*}\ yjtAbJl (jjj .(1)j-5vJl 
obJl ^ I)jjj^Jl ( /ys ( /^ia jLL 39,000 y>*-> ^JL*Jl olL>^ ^jab Ljwo 


bu y)'j £\Jl jj_>c_yaJl ^jj>oj c I)^jj^Jl yb jLL 2000 JLaJlj b^Jlj 

^51 objy/ iSUj . (2063) j^^Sbl y> yb j LL 65,000,000 Jp ^^JiSJl 

^4»y>cJl oUlj y j^Jl c_3*>b*Jl ^3 (jjy^SJJ JlSJl £-j_<>j>e-<J I y# b^Jl ^3 


Ijjfc 


(2065). 


(1)j_>j_Sbl o 4 L«^-5' ^ j_>c_j *LyaLbj ^JLo-aIJI c—-laJLl 1 bjJ (l)lj 

.}jJ>-jyJl (1 )jj^^J l ya Ja.^S 4j»x>Jl ^3 0,001 (i _^bp ^^_>cJl y_3^\-iJl yy>* 

yi jJl lL-fii (1)15 Loyjj . Ja -s >c-^>J 1 + y j_>cJl y_3>bbil + y j_Lbl 0 j-L-dJl ^tib ^3 




] ji 


JyJj 


5y>-y* ^-^Jl 1 l^lAbi c y-3^ yu* —iL^ 


K. E. Trenberth, J. R. Christy and J. G. Olson, «Global Atmospheric Mass, Surface (2061) 
Pressure, and Water Vapour Variations,» Journal of Geophysical Research, 93D (1988), p. 10925. 

.jl* ~ 3 x 10 12 C0 2 jU JLLj tb5 5.14x 10 15 (2062) 

E. H. Oelkers and D. R. Cole, «Carbon Dioxide Sequestration: A Solution to a Global (2063) 
Problem,» Elements, vol. 4 (2008), pp. 305-310. 

N. H. Batjes, «Total Carbon and Nitrogen in the Soils of the World,» European Journal of (2064) 
Soil Science, vol. 47 (1996), pp. 151-163. 

C. -L. Ping [et al.], «High Stocks of Soil Organic Carbon in the North American Arctic (2065) 
Region,» Nature Geoscience, vol. 1 (2008), pp. 615-619. 


538 



A J' JuUaJlS' C J .«./? 11 ^3 Lo-S” d)^_>^5Gl ^J-P A^^-aJps dj\-*SjJ* 

J^-a ipl.s,^:i^M j-s-p j Oj-jj-SOlj Oj—-^1 

( JJlaj cjUJlj c Jlj t ^lajiJl ^>ri^,ll J>ilg!lj ^_>cjiJ|j 

olj j_> J-Sdl CjL>tA_La J JLo ^JjLa J C <Lo j—*>jJl J JJ >C .yS.]1 ^_3 olj j-J j_SsJl t, J J-C^*“ 

.^c-— *~a cJ— Lo^ C ^ ^y^r m ■» /?. 1_] 

.Ao*L*_oJl JSlijJl ^2 o3^J>-CO 2 ^lp_J C j )' 


^a 0 jUJl ^1^-oJl ^J-pIj2Aj 0 jj j£s Jl 


JaJLs ^£?j^L) 4_>^_L*Jl 0 j-JLdJl ^a IjJ* *La- 

-kJLlj . (Mantle) *l^>c_J!j Lo-Ul 5 j -JLaJl CCO 2 —U ^.jL^jJI j-Lv 2 -oJl ^-a 

jj-a <__£j^><Jl c_3^\-xJi ^3 4Jc>tJo J»*_> CO 2 {j# UaJl 0 jjL LdJlj 4^><J| CUP^3 

CO 2 -Jl i^jjLjj . OJ_>tj 0 j_A (JljJt Nj c j_Jl j-^ 4_>I-L> 


^_1_P o3^J>-^-aJl Cl3L)l^>cJl J5 ^3 Lfl-wo-P <Lo^_>^ 5 d^L-S"(l)j^>c_^Jl 

. (2066) c kJI 

£$!^3 03^J>-^A^ ^ (1)LLw^J1^ CO 2 —•U ‘CJtS*- ^3Lv2-a clJJlj-A 

. oljLiJlj ^JJlj_*^Jl j -Lai jj>cJI i y>° ^j- s>jLv 2>3 o^l-*-o«Jl (_£jj>oj . 0 . 5 L*-oJI ^3 

CO 2 LgJ-a LpJjIJ t <U>cJLa oL-a ^A Jjlj—*Jlj C <oIp ^^La^l ^A -LaI jJ>cJ|j 

<UJ-P j J_>r ^a. 11 { jj2-*-)J . (l)l-LwoJlj CO 2 4_*jLaLJ| ol jUJl l)}j t c_j L-^-woJ I 

l)Jj .jjJlj-ill jl JjjIj_SsJ| (jj J_P Jj-a l^-s-9 <Uj2_>c-a tC^Lv2-a 

^j|^_^-]| 3-Lp 3 ^-*—1 j^JJl ^JwJ ^_JwL*woJl j 

j-waULa ■sjg. 11 (^Ua_) iJL o^LS"j . 4_3 4Jwo»y2JLoJI 

C (l)lL-aj c CO 2 J t 4 j>cJLo ol—a (^Jjl^J|) 4Jwa jJ.yfl^.3 C 3^-^^ 

l_AL-a (Jj^jJl J-*_} ^wLvaJl oliUaj ( /^a j-Lyg-jj . 0jj_L> ^L*Jj 

. (_£J_>cj| i_3^LiJl ^J-LvaJl oJ-A ^a CO 2 J (1)LLwoJ| j_i_L >j c 4_Lsl^ 


H. D. Holland, The Chemistry of the Atmosphere and Oceans (New York: Wiley, 1978). (2066) 

T. J. Shepherd, A. H. Rankin and D. H. M. Alderton, A Practical Guide to Fluid Inclusion (2067) 
Studies (Glasgow: Blackie; New York: Distributed in the USA by Chapman and Hall, 1985). 

J. G. Ramsay, «The Crack-Seal Mechanism of Rock Deformation,» Nature, vol. 284 (2068) 
(1980), pp. 135-139. 

R. H. Sibson, J. M. M. Moore and A. H. Rankin, «Seismic Pumping-a Hydrothermal (2069) 
Fluid Transport Mechanism,» Journal of the Geological Society of London, vol. 131 (1975), pp. 653-659. 
R. H. Sibson, «Brecciation Processes in Fault Zone: Inferences from Earthquake (2070) 
Rupturing,» Pure and Applied Geophyiscs, vol. 124(1986), pp. 159-175. 
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li- jyt-LUl JA <bli t (2071) *lp J5 J JljJj 10,000 y.p\ ilL* jl U^p| 

. CO 2 —LJ U^> \jA*/3A l*i»& M IPCC jl jl 


Ojjj^sJl ^jA jL*l>s 90 p J5 ^3 ^jj>cJI (— 3^L*Jl l) 1 jJJL 

^-LajJl J»^>-l jjJl o (1)1 1 j^\s a c oULJl jLwLa 110 j t .Ja^>c^oJl 

. ( 2072) Cj |^j w ^ ^ jjf tS I c_s*>UJl ^ C0 2 JJ (Risidence Time) 

JS a_>^ xJl j3Lyg-» CO 2 (Jl oLu^l oCL*_ol ^- , j ol ^~tj 


(2073) 


oLxkS" 4_jJ_*Jl oLwoJl ^3 ^>-jJ^-u dr° Ojjj^sJ 1 j J-v2j j . ^ 

(2074) 


Ip 


<dJ>- j»c>cJl oLU^Jl (1)1 lJ-kj 


iS c-i^-*Jl CO 2 ^y* 0 j~y^ 


C-d-yg-J (1)1 jJJLj .^^Lp j_^P ^J-P 4_*-J(1)j_j j_^sJl 0jj3 ^-3 ‘Uw^wlaJ 1 

^cJUjj .4_>dJ1 ^3 4_^i jy>cA ( Jy3^1 ^J-P CO 2 -JJ d)L<-vo^/l djIjIwLygl 

oUlj-^>Jl ^ddJ j t 4_*_yJL>c-4 oLpLXvsJIj |*JL*Jl oljLww** ^LS"! CO 2 j^Jl 
.ApldygJlj CjIjLvJI Oj J»y2j Loo 4jjULj CO 2 -Jl Ll*-yg ^JLpj 

(1)^o^-SLiJ ^j^gj^l ^r_]g.*o d->lOo>-1 ^_A 4-Jld-—>cJl (JjJgLds (1)| 

^-wvojj <__31 oJj c l^Lw ^ 3 1 20 ^Jl ^J^2 j (jl ( /^5Looj . ^j.yg.*Jl 

^ duiJl jJ J* J o^Jl jl^Jl OjJL^l Jjj . (2076 ) jLU U>y> oLUJl 
^ y> jLJu. 2.57 _ 0.81 1998 _ 1997 jJ-J Jl oJu^ J*>U- L^JjJUl oLU 
(^^_dw*Jl Jg. ^Al^JLoJ 1 dLoJl ^3 40 _ 13 J 3 L 00 lo-^j • <_£j->cJl c-3>L^Jl ^Jl (1)^oj_SLJ! 
C-doj (^ ^><o>Jl ^o>tJiJlj J j jXJl) ^ jjji^Vl ^jijJl (j ^ Ojjj^Dl 


<http://neic.usgs.gov/neis/: Lj S J1r *')l\ { _ s >- jJj-0-1 ^^0?jJl oL>jJoo> ^5(2071) 

epic/epic.html >. 

R. A. Houghton, «Balancing the Global Carbon Budget,» Annual Review of Earth and (2072) 
Planetary Sciences, vol. 35 (2007), pp. 313-347. 

R. Lai, «Global Potential of Global Carbon Sequestration to Mitigate the Greenhouse (2073) 
Effect,» Critical Reviews in Plant Science, vol. 22 (2003), pp. 151-184. 

T. J. Battin [et al.], «Biophysical Controls on Organic Carbon 1 Fluxes in Fluvial (2074) 
Networks,» Nature Geoscience, vol. 1 (2008), pp. 95-100. 

A. K. W. Sorensen, Indonesian Peat Swamp Forests and their Role as a Carbon Sink,» (2075) 
Chemosphere, vol. 27 (1993), pp. 2065-1082. 

R. Siegert [et al.], «Increased Fire Impacts in Logged Over Forests During El Nino (2076) 
Driven Fires,» Nature, vol. 414 (2001), pp. 437-440. 

S. E. Page [et al.], «The Amount of Carbon Released from Peat and Forest Fires in (2077) 
Indonesia in 1997 ,» Nature, vol. 420 (2002), pp. 61-65. 
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co 2 —u ig^ycji c^i j^>x^ ji a^p id?, v?j/ 1 

<bU>- yJyJl C0 2 Jl Jeuuj . (2078) ^^J! jyJl yJ j\ jly^l J JbljlJl 
^tojl ^>5 jJJ.5 • oLwoJl JLo-*jcJ oUl aJpU oLy cJLyJl y* 

.4» W '?L<J| 3y2_*Jl JjU>- yLJl ^UajkJl ^3 obj ^j. t jlia-« % yi J jJa-k 


.(C 13 ) 13 jy^xJlj (C 12 ) 12 jy^iJl cLa jlccCy^JL; jy^SJJ jl 
jli C yyflJl I^W^S" j_Jl 4_JwO-P J j\j>- 12 j y> ^_5\_U ^-jLo ^J~W?-j3_) Jljwkj 

. 13 jyj^vJL aJjLa^j 12 oliyj_SsJL> *lcp L^_U y>t_Jlj c oLjJIj c L>ySJJI 
^Jj_>tj C oUy j-S'jjJL^JIj y>c_£_)l (3y - (_£-J yfJl c_3 jLiJl ^3 C0 2 jlwLs^l 
dUj5"j .yy>Jl 13 jy^SJl ^\ 12 jjjj5jl 4j>- j\jjJlj oUl 

^-IjJ jl j oU yj>Jl ^L^>-l ^3 L> ySjJlj c o L*jCjc^J I ya jL^woJl jlwLv^j 
^!l 12 jy^SJl yJ yp <ySo L>jJ cJlS” lilj .jy^Jl y* jliwJl (Leakage) 
j^\^z}\ C0 2 y* ^-S” jl Lu5j^j 1 0 J- 30 j ^Jwvaxll ( Jw-3 13 jy^^Jl 

0 Jj\ y* oLj jJJLw& Co IS" JjJ .y ^JcJl J^LlJI 0 j J-v^a jlS y y>Jl ^j^Jl y>o 
jl aLLw« c i^jowL>cJl yy>Jl ‘*-3tA-kJl 13 jyjJJl ^Jl 12 jyj_SJl 4_^vJ 

jJJ.5 jl ySJ»->_j .J.iy yy>Jl v_3j\^Jl ^3 CC>Ij y^SJJ A^>-yJl A^-kLwJI 

.^jyl^-'yi 3y^Jl y>- ly3 Loj tj^LvS^oJl ^y yJJl £yCJl ya 

c-Ls^iJl y> 14 jy^5jJ (Cosmogenic) ^^liJl ^JaJl LcJ 

jJ>cj1j ^yJl Ajj yJl ^ <»_3 j\-*Jl ^ ^ j>-j y^jJJ 

. 1945 ^>Lp j_l>j I ^-Lp ^jjj jl_y>- 2200 jLcc>-l y J-5Jj .gLyg-aJl 

4.^5" j c5(-5Aia^CjJl ^y>-Cj| oC-oCJj 

4j>tCu ^ y>cJl cjjLkJl ^3 14 j y j_5jJl 4^0-5" JJoj .14 j y j_^J ' ^ cP ! 
j\-3 C ^y23 ^yLy-S ^y-P 14 jy j-SjJ jl5 LoJj .^y^^-CJl i?LcjJJ 

^zSS+jj I 4^ yC^Jl ^ys yojLjl CC>oy > «- J 2Jl -i^jLy 

. 14 jyj-SCJLo ^j-vwJj 12 jy^iDL C0 2 y>c-Ajl (3y 1 * - 


C. P. Osborne [et al.], «Modelling the Recent Historical Impacts of Atmospheric C0 2 and (2078) 
Climate Change on Mediterranean Vegetation,» Global Change Biology, vol. 6 (2000), pp. 445-458. 

C. P. Osborne and F. I. Woodward, «Biological Mechanisms Underlying Recent (2079) 
Iincreases in the NDVI of Mediterranean Shrublands,» International Journal of Remote Sensing, vol. 22 
(2001), pp. 1895-1907. 


.ic- 5,730 (2080) 
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iiljwA (jl ^lp Jjj t J^>Jl ^3 ^15\J| dj\jJJj£}\ ^yO 14 CjU JJj£}\ 

f-LwOw^S" IjJ JjJU j .(__£j_>Jl cJjLiJl ^3 CO 2 Jl ^y° sSj\ yL* *L^>-j_o 4^_5iL*^j 
c 3 j <■ (Deforestation) oLUJl SJljl J^UijJl jl : ^jllaJl 

(jjJj5Jl ^J^-wb Li” . (_£ jJ>Jl C_3>A_*J| CO 2 ULygJ J t OU 

c ^jUL)! k bj]\ oL *-jj y# oLbwoJl <~j j-wvJ y, j_>Jl ^_3*5L*Jl ^^Jl j-^Jl 

CO 2 ( j4bs 4 '-‘-'J-> j-3aJ. Jl 4-4*}Lp ^_La_*_j |j-&j t jL*Jl <—>j-wvOJ l *->c_4Jl oLd-J^j 

.JaJJlj ^->cji!l 3jS>- yo 


jljJLa ^Uj ^ ^_>cJl ^_9j\^Jl (_5^i ^ Lyg-oJ I CO 2 —H jlbJLa ^yi 1^3 

0JJ C-j2-y2jJl ^3 CO2 /%>Jg-^a jJ_v2jj ^L>c^oJl ^_£jj[l 3 j 3 jJl 

jIjJLs <_^Lwvj>- o! ^j-« ^Jl ^1 p (. ^xS"! aipLiv^j ^51 ^JlSwi 3 Jp oV 

c 3 jijJl L« 3 jS>x-^jj . j^^S' cjJliJl *JL*Jl ^3 4_ijjL>c«oJl 3 I j-oJl 

^ ♦ | ^ ^ ^ ^ j ^ (2083 ^ ^ | | ^ ^ 

"(2087) , ., ♦ , ,. ^*, t. . . , (2086)(2085)(2084) .. ♦, 

c Cj Lo \ j >- ^oJi ^3 Ou ^jjjOi j-Jaj j^j>c^j l)}j • OUa^>t<J! 

CO2 -U ^J^>1^<J| ^jp ^ )j-Jj>Jl C_Jj CjL>e-Ji % yi j-*-> oLaL>-j 

4_>*5\jlS" jl Lj1 I 3 j-4wJl J- 3 j m iS 3>^J! ^3 


M. R. Raupach [et al.], «Global and Regional Drivers of Accelerating CO 2 Emissions,» (2081) 
Proceedings of the National Academy of Sciences, vol. 104 (2007), pp. 10288-10293. 

G. Marland and T. Boden, «The Magnitude and Distribution of Fossil Fuel Related (2082) 
Carbon Releases,» in: M. Heimann, ed., The Global Carbon Cycle (Berlin; New York: Springer Verlag, 
1993), pp. 117-138. 

C. D. Keeling, «Global Observations of Atmospheric C02,» in: M. Heimann, ed., The (2083) 
Global Carbon Cycle (Berlin; New York: Springer Verlag, 1993), pp. 1-31. 

P. D Quay, B. Tilbrook and C. S.Wong, «Oceanic Uptake of Fossil Fuel C0 2 : Carbon-13 (2084) 
Evidence,» Science, vol. 256 (1992), pp. 74-79. 

A. L. King and W. R. Howard, «Planktonic Foraminiferal 0C 3 Records from Southern (2085) 
Ocean Sediment Traps: New Estimates of the Oceanic Suess Effect,» Global Biogeochemical Cycles, 
vol. 18(2004), GB2007. 

P. Quay [et al.], «Anthropogenic C0 2 Accumulation Rates in the North Atlantic Ocean (2086) 
from Changes in the 13 C/ 12 C of Dissolved Inorganic Carbon,» Global Bio geo chemical Cycles, vol. 21 
(2007), GB1009. 

E. R. M. Druffel, «Geochemistry of Corals: Proxies of Past Ocean Chemistry, Ocean (2087) 
Circulation, and Climate,» Proceedings of the National Academy of Sciences, vol. 94 (1997), pp. 8354- 
8361. 

R. J. Francey [et al.], «A 1000 Year High Precision Record of 0 13 C in Atmospheric C02,» (2088) 

Tellus, B 51 (1999), pp. 170-193. 
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I a^-O ^^JLuj jl c (Biomass) 

CO 2 Jl ^jj2j <JL>c_*^3 A^LJo 0-~J Jl>Jl 0 j-& d)l /OJl 

0 jJkJl ( 4/a jl oUa*j>c^Jl j^Lv 2 ^ ( j>j 

j-& to j_JLaJ| jL*Jl £-J /Aj (J J_*wd j-& La k _3 /_*_> J/ LxJ ! j_> j_>c_j A^J_S” 
Jl_>Jl OoLS" l^li .^jLS" j_> ( 1 ) j_SJa> 0/J _3 J^l lojj t J*)L>- j^-* 2 o 

apLoJI^ I)LSJJl_> /j^ 5 l Ja-xSJJl j'yI 0/^JJ ^^JoJl c_i_v 2 -)Jl Jli c dJ J-S" 

jU t dJJS ^aj .A*a>L 5 La LaLoJ iJ-kj . jA>Jl t—Ays?J 1 ^j*a /j5l CO 2 jJ-v 2 j 
^/*>LaJI ^^j>cJl CO2 ^3 oLjJl d)l ^JjJ/jJI SwLp 

.jJ^ 2 -J| (j£ jOj OjJ-yAa (1)15 A^Ljl Lalp 150 Jl JjLi>- 


CO 


Li 


2 cT 

^OxjjIj . Aj j_*_y£? AAjJJ ^^>Jl 3*5L*Jl ^3 CO 2 Jl ^/-*»J3 Jj 

^3 3 — 1 A3J-> ( j-'~-3 J-J J .L$-~Aj aJL/JJL (_£ ^j>Jl CO 2 ^/-a L*3 ^/-a Lalp 180 J 
/S'! i!L* jl Sj . (2090) vW 1961 j.U ^1812 ^ *\JtA ixJl 

ji_, 1961 j 1812 ^U- j-o ^j->JI CO 2 -U ^LJ 90000 ^ 

aIj-pSM <Jj ->Jl C0 2 Jl j~* oljji oL^LiJl U_a coIj .(Pettenkofer) 

(400 ppmv) e^^Jl C0 2 ^ jO>-a J15 c 1942 j>Lp ^ j .1942j 1857j c 1825 
J /-Jl *Jg-*->» Jl Jpl /Ul o J-£j ( j-*ULjl CO 2 JJ {j-yiJ • jS/l ^j-a ^^JlpI 
t jS/I ^ ^1 ^j^Jl C0 2 Jl JL5 1 1950 ^Jl 1935 (>Lp ^Op ^Ul 

. CO 2 J-J/Jj ^jJO^a ^3 0 /05 Ol j-^xJ JJw&j .I J_)JO I j^xZ j^xJj 

^il J^L>- j-^x JL> Jl CO 2 JJ > All Jl *lJ^>-I3 LL-^u Aj^j>c_J 
0 J|j ^ jOa j-& Loi" JjLo CO 2 (_£yjtji Jj.j 175ppmv_> 

o*J*r £/A 

^_sl^la^ j_W o1959 ^Lp ^_s 

(Mauna Loa, Hawai) «ljJ UjL>=» Z \a ^ tjj_o_>Jl 


CO 


E. F. Keeling, S. C. Piper and M. Heimann, «Global and Hemispheric Sinks Deduced (2089) 
from Changes in Atmospheric O 2 Concentration,» Nature, vol. 381 (1996), pp. 218-221. 

. (Pettenkofer method) y SjL(2090) 
E. Beck, «180 Years of Atmospheric CO 2 Gas Analysis by Chemical Methods,» Energy (2091) 
and Environment, vol. 18 (2007), pp. 259-282. 
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4JL>4j jLLa j . 4_j jLp cjLlL*_j cjLw*»Lw^JI 4_i jLjLa c^j>^j3 c(^IjLa) 

c ^SLJJ j+sjj ^y3^s>-jj c f-l^ oj>cJ| C-*j>cj i^_3L2g-a L)U t jij^CJo 

,j3j-SCJo aJL jJg ^JolJLa |jbl L^Lp 3l-yg-j jl f-l j^oj>cJ| O-giJ <L-SJsJ ~LoJL*J 


I cj iJL wJ 1 jj> c^-> ciLo 15 w 3 ^J-a Lp w L^_a3-L> d I jJ Uj La ( /^a 4 -^ 3 Ls^.11 oIJLwJI L)|j 
CO 2 ^^LJ 0 LL 0 ^3 82 y>- <-~j jJ—a'yi IJ-^j .ajL-^-s^ 5 L&^jl*_> 

^J—wL_>^JlLJ dgl«Jl—^j_a ig- -A S 4^JLo—ll ^_3 18 4 _S"jLJ L £-1^o-J>c_]| >*-J 4_*—*>>^LJ 

f\ jLj i^UJl oULJJ IJL^S ^'Iju jJjc . (2093)(2092) ^L^);i 
^3 c>j^S 4^*_^Jg Olj-Jo cJujl tojj_JLLoJl O^3j oL>ol 

4^_&Lwm~oJ| jl^Jg)/ wi-pLs^ ^Ig-e-La ^a ® L> ® OUUJl CO 2 —Jl 

.C0 2 oUUJl ya Owb 4_> 1 


( ^y0 MIJjLa)) oLw*>L*3j ^yyJ>zS\ c—Jg-d.]! ^3 CO 2 -Jl oL*iLi C-olS" 

4_]g_>c-a 21 ^j-a L>jjjl j_P JLowJu 4_jI. 5 C—9jJl ^-3 C-OjJ>~l I oL-aLoLJl 
<^2J>rLji 21 l_£^3 CjIS" 0 ^Jl (Jt)L>“j . j_3j-SC2u 4 JL ^Jg (JLo-*-1*aiL> ^j-oLv3 

JL*j . (2095) C 5 > >JI C0 2 Jl y \y^ SiLj -u^; J t (I960 _ 1955) 

^LiJlJ 0 J-JL> t,_> 2j Jj^oJl (_g j4>«Jl CO 2 (_£ yj>zjsj 0 jl^>eJ 1 4 j>- j3 ^j-o <L^&Ij <3*>\_P 

. ® j£ j&£j )) aJL ^Jgj 


(1)1 Lj^j^I __>^P (JL 0 --J 0 ^3 ^3 jSsSJL) 4_5j^J g dgLw*>L^3 CJ-j ^ ^j*a 

.ppmv331 -315 ^ jJ^. Jj_^a tppmv380j 270 j^3o C0 2 Jl 

oJj>-Ij I^\ ^3 jLkJl I3-& (_£ jJLw^a ^3 Jgj-j-fc j\ J%jj 

oLaUJl ojjfc cujj-^I i dUi 4iLvg} 5 ojH s J*>Lg- c olJag^oJl 

CO 2 L)LS"j c <LollJl «LwoJL*JI <—>^g-cJl J-*_> La *LlJ! o^Lpj cj >Li>- ^jJgLLa 

C LjjjjI <-J 1 j-P cjLo-Ji ^3 oL-LjJl 0 <lyy >-1 L oJ-jj .L*_3 ^La J_)l JJLoJi ^ 


J. C. Pales and C. D. Keeling, «The Concentration of Atmospheric Carbon Dioxide in (2092) 
Hawaii,» Journal of Geophysical Research, vol. 70 (1965), pp. 6053-6076. 

R. Backastow, C. D. Keeling and T. P. Whorp, «Seasonal Amplitude Increase in (2093) 
Atmospheric CO 2 Concentration at Mauna Loa, Hawaii, 1959-1982,» Journal of Geophysical Research, 
vol. 90 (1985), pp. 10529-10540. 

W. Bischof, «Periodical Variations of the Atmospheric C0 2 - Content in Scandinavian (2094) 

Tellus, vol. 12 (1960), pp. 216-226. 

W. Bischof, «Variations in Concentration of Carbon Dioxide in Free Atmosphere,» (2095) 

Tellus, vol. 14 (1962), pp. 87-90. 
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‘LwpLwaJi (1 )^> IjJ lijL* *^3 4-Iaj>t>j 

d-’Lwo^S' I^J iJ^La b\Sjj ^jwLv^l ^i^S' CL3 ^Ji • CO 2 —LI 0 jwL.s/2-oJi 

^ J*^j . (2096) ^ljU ^ ^>1 J~L" U5 cC0 2 

^j 0ciJLSo c j-^-J>I o<w 2-J (Observatory) J-v?j-*Jl ^yu 
^3 o'yI ol jj>c_3 ^j^Jj .oL-*»LwiJl ^1 0 jjLs O-Li^ oULwJl 

IjJ IjjLj oULo 


(2097) 


1959 p ^^j>cJl CO 2 I d)| ^JL 

oL*L£ 15 ppmv_; Jil dl)S jlSj <. 315.93 ppmv <1)15 
351.45 1 ^ 13 jj* ^xULoJl CO 2 .4_Lw*Jl J j& cJLo-Ji 

JJ Vjjjj^I oL-LlJl Ji* y> 1989 ^Li jlj , (2098) 1989 JJlj! ^ ppmv 
t ^Lill Jpl jJs? ^3 o*y-5s-JCw« 3jj>-j ^1_p (Jjj ^Jl t wji j^ss-i )) aJL^ 2j 35 

ioLs^-^/lj 4 -oL-o^5sJI oLw*>Li]l OjLaJ LsJ-iPj .oliLwJJ AoLygj>-^yi 4 _LjL*^>JI ^3j 
0 13 (. dU.5 ^Jl a 3 .A3*^wP ^L>cj| /^SCoj 'y c <ijwL>cJl 4 ^ 3 LJ^oJI d->Lw^L^L> 
LsAj! 4 J c-ol5j ^ ^1 ^>j>cJl o^>cJ ociVl ( Jw*Ij>c2o *jl> IjJ UjLo 

ajL jlaj j^L*-oJl <4j_g.ll ^3 CO 2 —Uj (. jJl>J 1 ^JJ oUJ 


. (2101) 3UJI 


«uLo»pj oLjJJ ^JJJl ( JJj>tjJl j^jj . Lwo—*> j**j Lw* j-> w|jJ IjjLs)) ^jbo j '***-’ 
(Traffic) Jl Lo- 5 " c djL)LwJl jL^jJI ^^_vs_]| 


S. Ryan, «Quiescent Outgassing of Mauna Loa Volcano 1958-1994,» in: J. M. Rhodes (2096) 
and J. P. Lockwood, «Manua Loa Revealed: Structure, Composition, History and Hazards,» American 
Geophysical Union Monograph, vol. 92 (1995), pp. 92-115. 

Z. Jaworowski, T. V. Segalstad and V. Hisdal, «Atmospheric CO 2 and Global Warming: (2097) 
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. 0 !wbjJj ( /ys CO 2 -Jl aJjLJI .^pIw2JIj 

‘cLo-P ^5I^CC*>I -ws»v^ ^J^sl CO 2 j-frJgJ I J-*_) CaI pL-*> Dip 4_^j>cCoJl 

^-A ^L>cJl CallLwJl (1 )}j .CaLUJlJ j_Sv_^Jl l_-—s/?-3 (J^-3 ^ j-ygJl jjJl 

8784 2JIca 2)25 1 2004 ^»Lp *l 5 4 '^'^ w0 22" 0 ^--^^cIp Ja-*^ 

C CaULo Oj^-J C^P 1102 iilCA (C*-a 2 _i C^uJ^I f-UaJ>“Vl t.*>\_xC->c_^ L^>L^3 
t (Upslope Winds) ^^Ip^I ^1 4^-acuJl ^-L^Jl l^«j c5p 1085 j 

oULsJl 0 5a I cij c Cy 3 5pLw*> ^_^3 j~~> <dp 655 _] 0 ^55.3 

c ipL^j apL* ^Ju cIp 866 J 2)15j . 1PCC ^yU 4^<w^Jl ^lij^l ^plwa J$ 

. (2102) j^j ,j i^jj 

5 _L* 2 o 4_>y« ( J^I cal. 20 j^j ol j*-*3 CO 2 -J (jl IjJ iJjLo caL^LJ* cij 

oIp j . (_£j_axJl ^JJcJlj 0jaj_5Ul ^aLl5c_>lj c 2)yj5Ul j^Ly2a» ^3 Calj^-*2a 

^y yaja /d)ljj^>- ( Jay I / (jLwvwO ya ^La-SIjJl o jZj iJl ^JyLoJl <4Jl ^Jw2a2j 

aa 2 -yajJI jL>tdj CaUlo y« <Lwy>Jl CalI JuoJCvjj . CO 2 —2) Lv^lai>ol y5l 
^o^Jl C0 2 J5^l5 ^yJl (Decedious) L5jjJl y-aaj'yi o^-SDJ ^L^lJl 

^3j .*UCoJl CaLjJl o2* Jt>^a>c^-val pIcJLIIj 1 fljyrJl 0 jJ^2jj <., AwaJlj 

CO 2 —2J c5 I 0 ^S\JJ ^JUcJl caLyajJI o yy ^ ^Jay I / jLj (J^" 

aJIjJ Lg_)5ayj c yy>cJl ^-5*5-*Jl ^3 CO 2 ^a* ^Pj-^vo J^plio ‘Lx^JaJl 2)1 ! ^ 

J-a13 c Owb J_p- IjLa-l C^m-J oCAj .IJj>- 0 ^wa3 0 ^13 4C« CaL^o5 

^a>jJl ICA *>_s'y^y 2) 

. (2104) JJ^]| sij^-l ^j (Sampling) jLjlp^I ^ slkj^i jjj 

c SJjjac« ^^3 jl c ^3 jfJlaJl J2)^ll ^j-'LaiJl CaUaa^j 

<C>c_CL) jl ^jLw>-I c2a^J-j ^Jl j_*Jo 2)1 2)j^-a ^lj_^Jl ^_3 CO 2 ^j-^LwflJ 
.^^_>tJl »^_3^\-iJl ^3 CO 2 —LJ *cjLL>- ^^c>c^a ^j-vwww*>lcl c .^pLc^aJl JaLcdJ 

(J jS>- (_^^l t ^wvuLJl wLCCvw<>Jl f-l^-^1 2)1 ^A CaL^*jL5Jl oCA ^3 4j52CwoJl_^ 


< ftp://ftp.cmdl.noaa.gov/ccg/co2/in-situ >. (2102) 
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Olig.>.>c^oJ \ ^3 CO 2 CO 2 {j* 10 ppm ^Jl y>- wCLjj jLsxJl 


2)1 4_l5s^L^Jlj .o3jjJ ^£21 Ja-^l <1)^-5" 1^1 CO 2 ^y> wbJ^jJl jJLlj 

c-i-J? £-* (Overlaps) JJ-Ijju C0 2 JL3 *\ cu^J 5-^Vl ^L/a^l 
. CFCsj jjuJ! wL^^lj c 0 \j^wo-J c pL»JI jL>c_> l 1 

jL>c_> <lJljl^ l-ijL \<r 'j2p *\ ^>J>cJl (d*->cJ 'y 1 I J (jls clUjJ 

c_i-2LS\Jl . I ' 4_yg_*_i tjl^^3 3 jUl *l<Jl ^3 >^A_> CO 2 —Si <jl ^-^P 
CFCs ( JdL>s djljL_p l)}j . CO 2 1—jLS"j c L-g. oljl_*_Jl oJ—& <l^jL-> ^j—p 

(^j^>Jl ^-3*>\-*Jl jLLJl ^ *lj3>-l L^jI jt-i’jJl ^5^ t (cJjj^S'jjjJ-SjjjJ^”) 

L^jI t^J2\_du d*->o 4_*-HVl ^Lp 0 jwLs L^_>w\J 2)1 'yi 

4_>jj>cJl oljL*Jl ^J^S" jj>c_j Loj . CO 2 l) jJuJl ^3 e-lj-^-lS" Jlj>c_*^o 

0>C-L>tJ £->J J_> J_d jJj>o iwu>s_> 4jl3 C CO 2 jl-P £-^ 2*~* 2)1 ^ (_£^>-^1 

£_* Ijwal^j Wji jScSj^ aJLjJ? I tajj . <^1 j^>j>cJ| 4-*-JlVl d->L)JLo ^>0 

^p\.^/sZ.a\ ^_jLo 2)j_S\J JJLs l 4331■>./?,*1 j^j>cJ| 0->cj da-Jl^l < m Ji. LygJLa1 

^3 2)^1 f-l j^J>Jl d—>CJ CO 2 ^L£jl 2)j . JzS\ 43 C *\ ^>J>cJ| d—>cJ 4*-Jj ^ 1 

0 L 0 J oJ_A <JL>tJlj Ljw\J ^Jug-3 .blp 50 ( J^3 WjijSCJo^ 4 AjjJaj ^Jj>t-»vwoJI (_£jJdvwoJl 

LsLp 50JI cJ*^->- tA^3 ^ CO 2 ol ( 3^ a>s 

CU^: ociVl oLLJ jl 2001 (>Lp IPCC JJ dJliJl JU 

oL-UJl ^aL>c_} (. Jg.AS L^JlP ^LoJLP^I I CO 2 —U pI^ oJ>cJl 

tC0 2 J IJUlj: 1812 Ji^ bj^}\ C0 2 oLU ^ . (2106) ii;LJl ^_^Sll 

CO 2 oLw*>L2j 2)1 IPCC Ojlxi>-l Jlsj ,w|IjjLs)) oLw^LJ ^3 j-^aj L^S” 

cijJl ^ JJ»1jcJ1 ^0 j^PjJl ^^ipj c 90,000 ^^Ip U^Ap wbjj ^1 4iJjJl 

^J^Us-cJ ^2 l^|j 20iJjLs^ ^3 pI j^j>cJl d-*j>cj ol^lij wjij5di>^ 4 JL 

dLsljw^ 4^>-L>- llL^ 3 t L^J-p (j^Ls^oJl dj>ojLJl oULJl 

ti <• j~*~Su iillA j-v2J>cJl 15_^_> 4_o*yLAP 


B. P. Briegleb, «Longwave Band Model for Thermal Radiation in Climate Studies,» (2105) 
Journal of Geophysical Research, vol. 97 (1992), pp. 11475-11485. 

IPCC, Climate Change 2001: The Scientific Basis. Contributions of Working Group 1 to the (2106) 

Third Assessment Report of the Intergovernmental Panel on Climate Change, edited by J. T. Houghton, G. 
J. Jenkins and J. J. Ephraums (Cambridge, MA: Cambridge University Press, 2001). 
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jiaj 4 _LL>c^ 3 o jlb>e-a obliLo c IPCC jj jSu ^3 La CbL>tj I C^wL>cJLw*»l jJ j 

( /j~a 7.10 ( j-P ^JJLj jl wbjJ ^_^9 Cb-o2_9j -ii j .JjwLJi j j^>tj j . W j_5sJJo^ 


{jj* bJLP <ui>ji^<Jl oULJl j . ( ' 21O7 ' ) 270 ppmv Ja>- 

c 1812 J-La ^_oVl ^-ijJl jj>-l .^oLwow^S” (3j-^ 2 -* LL*Jl 

j! IPCC Jj j .^^LwaJl ~uJl JJ> LJ ^L-LoJ t270ppmv <cUwJj 

c ^aLJL<J W^9^SvJJo^ LL^Jaj ^0^1 JjJj>J| (jL-*Jba')/ ^9 c ^j*oL>^JL 

J-La CO 2 —L) j-> Cb-bo W^_9j_S\JJb 4JL>^i?)) bbL*>Li 2)1 (j^_9^b*o ^...^ j! 


.o'y! &yS \jJ ( /ys bbl y> Sj^_> ^^LpI 1812 



5 (J-L*l oJU? Jaj>-) ((^ 9 4-2ojJaj ^^Jl 0^j-^Jl Xwm 5'I obi Jo-L^- ! 52 

oJaJl J-J->- 0^j-^Jl ■bww-S*I obL>-LbL*al c 1961j 1812 (obi 

ojL*Jg) ®lLjjLa)) ^^^-1 0^j^ll -bws^-S*I 4 JL 33 oLLjj (jL*JI JJ-^) 

JL—JI jU ^3 i j-yy^ I j -y*-* ^j-^LJLII l^-o .(L& Jooj loj 1958 t *1j-oJ-l ob-^- 4ooLVl 
jj LLJ! ^JUI IPCC b^aij A3 j .1 1a ^y-SM ^>JI J&j C ^j^l j^Jl 

La ^L-l Ja>- 4-^-uaS' Lg-L».*jbb> (JljJ V LjjJI <w*jsJ! jl j+s- ftji ajujIsj j^jj^jl JmmmS'I 

. j^jL-I ^^^^Jl *bw»s*S” I ^j LJ ^j£“ I - t ^ * 11 

^9 ^^>cJl CO 2 —U ^j-aLJi]! 1^ LjLa J-*^ 5 o)} 


G. S. Callender, «The Artificial Production of Carbon Dioxide and its Influence on (2107) 
Temperature,» Quarterly Journal of the Royal Meteorological Society, vol. 66(1938), pp. 395-400. 
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CO 2 J IJL33 L-*»LJ c *1C^>J ^-a-J^I cJLJa^a c J^-lj y» 

‘0^ Jtt' jjS\j c oLJl jl 4 _>CjI j-ollll JI 3 v^_^u jZ ]I 

.( 2 I 08 ) l^i; <uxidl oL-UJl ^y> LoIp 50 iSLa jlS’ 4jVj 

( /^s ^CO 2 ySj Jj.*^ 4 X 0 JI 19.4 a^sJj oLj IjJ UjU {j~ij 
.2004 j»Lp 377.38 ppmv ^Jl 1959 j»Lp ^Jl_>Jl <4 j-gJJ 315.98 ppmv 
1 1998 _ 1997 j»Lp Jl 2.87 ppmv jIjJ^ j-^Sfl oj-JJJl cJLSj 

. J j. < 2 ->lwb>-L AjA*Sj> y>-\ oUbj ^ Uil jj 

C0 2 JJ L~-Jj IjJ-v 2 _^ ia^w>^<Jl ^ JUJI (Desgassing) ^jJj J-JLio 

^3 j^>c-Jl oL^j 0 jJJ Ljwi-lPj c CO 2 c_^oJj OjLJl jj>c-Jl oLw« Jli c (^j->Jl 


jUJl 




. .JaJLs CO2 jw\ A/g, ; ^JJl ^->c-Jl oL^a ^Jg-^A» Jj 


Jj3 Jl^JI J^p oL* jlj J y>- U^jI iolji^-Ml oLJl J* (Degassing) 

l yS\ J *}\ j* C0 2 <y> oL*J" ^J7 Jl (Undersaturated) 

^3- \jj .^^j>Jl cJ^JjJl IJ-& CO 2 JwLv^j C oL^Jl ^IjJjjI jJ^LwO ^3j .Aj^pxJl 

.<l 2>I^JL^i'yi jJ^ljwoJl ^3 4_v^L>tj^ C ld?-^j>c^<JI JjljJLoJl ^^wo-jJl J^LjLJI 

Jl 3^I J C (_£ j_>cJl *J_*Jl ^_3 CO 2 J *LJ| jUo 4_wO«-S" IJ^ wL>J_>J 

J?l2LJl ^Jl j^*_<Jl CO 2 Jl ^y2-*-> JjJj t dJ JJ 4j>t-Joj .jL*Jl lJ_gJ olk^Jl 

^LoJl jL>c_> ^Jj0 wbJ^Jl j|jLs4?l Lo->jJ ^ ^^^-^vwOwJ- jJ^v^l ^ 2 ^ l£ 

^Jl c ( /^j_JL_*Jl (1)_2-JJ I jl^j->Jl cJ*>UJ| CO 2J 

L>c_xJ I ^3 I j wLjI^uJI ^*-vwo-*iJl ^LxJI jl^^>-'^1 

. 4^01>J I j 
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N. Scafetta, and B. L.West, «Phenomenological Solar Contribution to the 1900-2000 (2111) 
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<1)1 iJLfi <.^^ 2-5 J _^_p C0 2 j-o (Molecule) <1)15 lil 

<l)Jj>c^s ^3 l^ LygJLa 1 (_£jJ>cJl ^-3>^-^l 4_Pj-wso cJljJL^i C0 2 -Jl oUoJj>- 

<l)j JJLs 13l3j_> ^ jj >cJl k_3*>\_*Jl C0 2 <1)1 <JL*-^-j ?<lp^L> ySi}j • j->~ 1 

OIL* oJ_*J jJ>cJl ^^3 e-UL ^^»P <l)ji^> <1)1 <^_>tJJ C ^>t-Jl ^3 <. > j_) C0 2 

JLij , (2113) r U 200 ^1 50 ^ £j\yj _ r o-*Jl o! IPCC £j^uj . (2U2) ^J>\ 
olj-jj—j ia_*J J IPCC jSfj t ( 2114 ) b-JL>^ oSf IJla IPCC ^o-p jlLjI 
_SLo_jj . CO 2 —U 4 _ 3 j(Sinks) j^L^a-a j' ^jlJLoJ 

C0 2 ^3 14 13 <1)jj^5sJ1j c 12 <l)jjj^Jl jIjJLj C0 2 —U ^^>cJl 

aS”IjJ! oLp) ^^ 00 ^ .^j2-^5j>cJ1 C0 2 _Jl y*^ '•—c l3»& ^y J t^>cJl 

4JLoL>_^ 3 4_sLv^^/l-> C 4^3 ^JLoJl (Rll 2 ) <l)^3l^Jl jl_P jlwLi^J ^j-*>L5L> dU.5 

QjjJ>s Jl jjUaj oL)L*j»-j 

14 (1)j^vJl ^J_P ^LJ^woJl ^^j>eJ| C0 2 j-o-P oLL^ ^_la_*Jj 
<_3*5^-*-U ^3 0 j^S'j c (4_Ly2-aJ^3 «Lw*»lj3 18) LsLp 25 3 y*^ ^*-~JgJl 

oljJ^ c 3 4L > t “ j 

( /^l_P ^j - 0 4jjj-*^l ^Xjjill C-iJj*tlx>Jl C 14 j^-P c(<l)llL <j2J£j* <1)Ll*-4j3) 

C0 2 y-& Rn 222 oL-li ^£2 ^j j c (<Q_v 2 ji)w 4 4 ^lj 3 12) d^l10 ^xS"! 

C0 2 4»uL>j 3 c (4-l_y2-ijw0 oL-*>1j3 <23*d\-j) L«Lp 13.2 ^Jl 7.8 y» ^ j_>cJl 


H. Rodhe, «Modeling Biogeochemical Cycles,» in: S. S. Butcher [et al.], Global (2112) 
Biogeochemical Cycles (San Diego: Academic Press, 1992), pp. 55-72. 

J. T. Houghton, G. J. Jenkins and J. J. Ephraums, Climate Change: The IPCC Assessment: (2113) 
Intergovernmental Panel on Climate Change (Cambridge, MA: Cambridge University Press, 1990). 

B. C. O’Neill [et al.], «Reservoir Timescales for Anthropogenic CO 2 in the Atmosphere,» (2114) 

Tellus, 46B (1994), pp. 378-389. 

Jaworowski, Segalstad and Hisdal, «Atmospheric C0 2 and Global Warming: A Critical (2115) 
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T. V. Segalstad, «The Distribution of C0 2 between Atmosphere, Hydrosphere and (2116) 
Lithosphere; Minimal Influence from Anthropogenic C0 2 on the Global «Greenhouse Effect»,» in: J. 
Emsley, ed., The Global Warming Debate: The Report of the European Science and Environmental Forum, 
(London: Bourne Press, 1995), pp. 41-50. 

ia.JL.) fs- jJl (^0 

E. T. Sundquist, «Geological Perspectives on Carbon Dioxide and the Carbon Cycle,» in: (2117) 

E. T. Sundquistm and W. S. Broecker, eds., The Carbon Cycle and Atmospheric CO 2 : Natural Variations 
Archean to Present, Geophysical Union Monograph; 32 (Washington, DC: American Geophysical 
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(2118) 


(2119) 


5.4 


cr° 


I13 2)^j j£S\ 12 0y*j£S\ 0j \jj 

^_3 CO 2 j-o-£" <jLi . ^_3 ^ I ^JwwLijJl cliJLl-kj . Ol j_L^< 5.4 OjlJJLa 

ojl^j ^*J_>c_^ <u <—3 jJlpI j-^j t c->l5 y>^-> ^J—j ^j_>Jl c_3 *>\_*Jl 

^^>Jl C0 2 Jl ^o-p . (2120) (Bert Bolin) j^LJl IPCC Jl 

jJlJj |J_& .^Lp J5 J^Lju (_£j^>Jl CO 2 (_£AXjl ^3 18 jJ>o (1)1 j^/Oa)\ 

^3 ^^>cJl i. 3*5^-*3l ^3 CO 2 —J ^l^ULoJI oLjJI 1)| I)^_>JJl ciljJjl 

(1) J J J-A-> (_£j j-A^-Vl .5j-3jJJ oL*«*u^M 3y>- ^Jja 4_>c_jL) jJ UjLa» 


( 2121 ) 


r 


Lp 200 _ 50 ^ *-L, ^,J*>UJl ^ C0 2 Jl 


*5CjJLwmw 4 L^L»_3 37 ^_o (_£^J>cJl CO 2 _ll J-^-^ (_5~^ (,_3*}\jU>-l iiLl-k 

^-wvwAj ^J_j . IPCC Cy^J jJ? Lj 

^j^Jl CO 2 J&S* 2)15 li}j ?L<^ IJl& OjJJ ISLii .IPCC JJ> ^ ^^LJl Ul& 
.5^.3^Jl jS>- w\«oJLwvwoJl CO 2 —J ^^J-^Jl ^^-^-4>c_^Jl cjLs C CLa\ yl^u-t 5 ^^_>c_)l 

.IPCC 1&-J>yi\ jd\ iui\ y21 ^Jj t (2122) ^xJl J, 1.2 jjSL- 
^*0 l IPCC ^/?l (_£^>Jl CO 2 ^C^C3 jw2j ^-SJj 

£-4 ^^JL*Jl ^ yyjL^-*)! I 3^-5 ^Jl wLo2L*^w<Jl CO 2 Jl iSjJ I 

'I (_£ jJ>Jl ^J^-^ll J^5"l Jj-^ CO 2 0J^e-« 


(2123) 


J ^_1—^Al ^J_p 


. ^j^?jL*_Jl IJ-A J jL>e-^ JLla 0_)LS" 


J. W. Murray, «The Oceans,» in: S. S. Butcher [et al.], eds., Global Biogeochemical Cycles (2118) 

([New York]: Academic Press, 1992), pp. 175-211. 

T. V. Segelstad, «The Amount of Non-Fossil-Fuel C0 2 in the Atmosphere,» paper (2119) 
presented at: American Geophysical Union, Chapman Conference on Climate, Volcanism and Global 
Change, March 23-27, 1992, Hilo, Hawaii, Abstracts, p. 25. 
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Third Assessment Report of the Intergovernmental Panel on Climate Change, edited by J. T. Houghton, G. 
J. Jenkins and J. J. Ephraums (Cambridge, MA: Cambridge University Press, 2001). 
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jjUaJl t._ oJiaUJj 


(2124) 


(2126)(2125) 


c>IpLw* CO 2 ^j-o Ujl 

CO 2 ^l^La^oJI 13 0 j ->12 d)^Jl *l^vJ 0 L 9 t 4 _sLs^| 

. 1PCC j-o-> ^ 4Jw<>-*JLwv^J I cli-ij L-w*>Lw*>l AJL^ 

CO 2 C C-9^lAJl ^9 CO 2 *1-Aj 0 >Xa ^_P 1PCC |*-PwU 

cpL*_c*y 1 ^.p ji <u_pl*-j >^/1 jjUajJi *u t ^ jj>&ji ^-3 ^ j 1 ^ jj jji 

.4j> c ^> c-s ^ o-w^J 1PCC LgJw?^$1 oL^I jZs *)!I jU ^JbJLj c jjj^SCU 

cc*_> 0 UL 0 N j»Jj>cJI <_J jL 1PCC o*>lScc ol_JL> L *->jj 

Sjjlil J^_9 ^jj>Jl c_i*>UJl cLL 3S Lo-> t ^-s^LJl ^j_>Jl I^.^Jlp 

CO 2 C»Lw*>L^9 oi <kJL*JLS>~ oJwoJLwv^a 1PCC <lJ *}LSLjL*a Cj LS" Lo—) . *CP 11 .y2-J 1 

Lg_>oLu Co15" ,j_0>- ^9 C I^JlP Lv2^3 j_^P <LJl 4 JL^Jaj CoLS* Cj wL>cJl 4_»jj>cJl 

CO 2 C^Lj^JCvwoJ ojLo>c_> 3 C^L«^l—_9 ^j_P ^L9 jj >cCj c ^j>cos^^ LoL^P oj 


(2129) 


'-ijjj' <_/ 


4ja>c^3 19 


C5 5 


Woj ^J>wo))j LoLp 0 jLl>co3 
lwb>- 4JL9.5 CjL-o-^S" J j^2jJ <• oltJl 


0j^-Pj C ^^j>cJl <*_9^\^Ji ^9 (_£j jj1p-I ^jijS i)jJjS wC^SI ^jU 4^-aLwvOJ d)| 

O^ 5 ~9 .L*L*I 1PCC $f^r3 

L jL^Jl J-4JJ C j->c-Jl 0_4CScJl J C 4_) J->sJi CO 2 4-P J . (j'y I jJ 
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Isotope Studies,» in: J. Williams, ed., Carbon Dioxide, Climate and Society (Oxford; New York: 
Pergamon Press, 1978). 

H. Inoue and Y. Sugimura, «Carbon Isotopic Fractionation during the CO 2 Exchange (2125) 
Process between Air and Seawater Under Equilibrium and Kinetic Conditions,» Geochimica et 
Cosmochimica Acta, vol. 49 (1985), pp. 2453-2460. 

W. Dreybrodt [et al.], «The Kinetics of the Reaction CO 2 + H 2 0 —» H 1 + HC0 3 ‘ as One (2126) 
of the Rate Limiting Steps in the System H 2 0-C0 2 -CaC0 3 ,» Geochimica et Cosmochimica Acta, vol. 60 
(1996), pp. 3375-3381. 

C. D. Keeling [et al.], «A Three-Dimensional Model of Atmospheric CO 2 Transport (2127) 

Based on Observed Winds, 1: Analysis of Observational Data,» in: D. H. Peterson, Aspects of Climate 
Variability in the Pacific and the Western Americas , Geophysical Union Monograph; 55 (Washington, DC: 
American Geophysical Union, 1985), pp. 165-236. 

Z. Jaworowski, T. V. Segalstad and V. Hisdal, «Atmospheric C0 2 and Global Warming: (2128) 

A Critical Review,» 2 nd Revised Edition, NorskPolarinstitutt Meddelelser, vol. 119 (1992). 

W. Bischof, «Periodical Variations of the Atmospheric C02-Content in Scandinavian (2129) 

Tellus, vol. 12 (1960), pp. 216-226. 
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C (jL^SxJl <=-1.Uj C (J J L ^15"jl*Jl J Jlj) A—>•J-JJ-C>cJl J^Lv2^J| ^jA CO 2 J 

0j— oLCjLSs-i &j\yLa\j 4_>j_>cjJl CO 2 (jljJLs (1 )j_5s_> (1)1 (w—t 

.i^-3 ^Jl jS>- ^jA CO 2 0 ^Jwi_v 2 -} Ls 0 }^ • IPCC C*/? a| 

y&j A~oA>l ^JSI (^ ^>Jl CO 2 ^j^ 5 A)UJl ^3 4) Adc>- j—J l oOuiNlj ^_£j jJl>-S I 

. IPCC A*/? J ^ 2 j (^5-Jl I CO 2 £ 7 -^ Alx>Jl ^3 21 ^jA 


.<C^>-jJj-^>- oLLaj L«Lo2> 5Ss>tlA j_>cJl i*_i>»\_*Jl ^_3 CO 2 (_£<1)1 

^_\JL<>Jl CO 2 —ll c-fl-ygJ ^- > ° ca— s^^>-Jl ^Lp 2)^—Lo 4567 _Jl p d— p^ 3Ij 

^_3 0^^_>c_^ j> ^ 3 c g-1 +J?» k i-J I j-A CO 2 ‘-CLjLj ^*—Jj • ^ y^T ‘^CJwo —*_j 

(Degassing) ^yC jJljdJl :i>oj .*L^-Vl ^ (^>Jl Jl*) jji»^ 2 Jl 
— j -y 6 —*^y~yy*\ — (SJ ~ J ^ X ~^ *—Jl Ja. j) <_>j_>c_JlJ|j CO 2 

oLij_>j-SClj j-^p d^lJ^_SsJl oL^ai y j 


J^U>- jJ>c—Jl ol—S A_>CO 2 ^->“1 .^^_>cJl CO 2 y^>x^A c d^>-^J^-wJl 

d~>lk^Jl ^3 Jlj Aj j.ySL*Jl j^P A-o^jj5\Jl oCaa*^J| i)\j td^A-dJl A^Lo-P 

djljl—La Aj^_ 1_3 d->Ug—>c_x>JI jjlJLoJl o 5-A Cl—5_>1 Ju3j . CO2 —U Aw—Oj jjlJLa ^A 
.(^j_>cJl CO2 -\J>-I j 1 Ajj_>c_hJI li-S^I oli>-ljwoJl ,j .^j-d^w—Jl 

CO2 ii^>c_j ( 1)1 wL*_CLwvwoJl £y*a Ajli I^LJ ^ (_£^_>cJl CO2 (^jd>e_^j ^LcoJ I ^C>coj 

800 Jl J*>U- C0 2 ^ Jbljdl j^Lj ^ . ( 2131 ) ^LuJI ^^>Jl 

. J—L>cJl ^3 J-A Li” t Ojl j^>cJl ^4 j2jj! d —^-o ^lp 


jj>c_c LowCljj CO 2 d)i ^3 <c^AiLw*»'yi S'LJl ^pJj 

CO2 l )1 ^.a Jj>c_> wdS"bJl .A—s^C>Jl Lip 150 -Jl a^<>JI 35 

0 C L ^ AA> L—3 /f O i ( L^\J L*AH^g L5" C (^j l_—OwJ I A>* t ^-i-P ) 0 J ^ ^ -O. J I A|^| J I 2)"^ 

j— P 0 j_JL 3 d->lSsJl ^\ ^3 Lj^SCJI ( /^s CO 2 jlwLvi?| 

j —p d s ^ , l->- <•_■J'yi JL^-j cJC_>cJl (Uplift) £.51 jJ g-Lul CO 2 t »-_3j 

CO 2 —Jl J . Lyg-J I <—3jj-*-a j—P A.)jJ>0 £^—5"!^ CO 2 jl^-V^lj t eij 

^2^* k ^»*^*^ < >-Jl CO 2 oj—£j_Ss-o-> ^ ^JLJLJ C A— >- j-o Us*lA-P I j_A 


Heinrich D. Holland, The Chemical Evolution of the Atmosphere and Oceans (Princeton, NJ: (2130) 
Princeton University Press, 1984). 

K. Y. Kondratyev, Climate Shocks: Natural and Anthropogenic (New York: Wiley, 1988). (2131) 
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JlSVjl C0 2 Jl oJil j\ (5^>JI C0 2 Jl SijUl .k^Jl «L. c~>! S' ISI 

^_9^1 d^lJdJ 1)15 L* CO 2 —ll lj-& 1)13 (. d-> Ug-^>c-<>J I 

^bx>c_> <._ i t «lw?LoJ| LsLp 150 -Jl (Jj\J>- j^>5l CO 2 —ll ^l^jl 5lj .4JL>-*)VJI 

.4_9-Xj ^ jJL> (jl ^_^J} (__£J^Jl •*—3^\_*Jl ^3 CO 2 jl-Cv^J djL»_Lo-Pj jJgLdJl d->LJwOwP 
.*UL^-P djIjLd Auljd^^l CO2 ^ lP 4j jl_>cJl OjUl oLwoJl ^J5->s_!j 

J_lald<Jl ^ 5 jl (Upwelling) jJjlJI oLw<Jl oju* £_iJL aJj^pj 

(_£j_>eJl ^_3 j\-*Jl ^3 CO 2 -Jl jl-Cv^J . CO 2 J-Cv2_> L^jls ^ 4-01jd^^l 

L^Jg-xj j/j (. ^j-JwJl ^_3jJI ob jj-a td->wX>tj j do-Xg- oLl^-P ( /^P OUa^j>c-<>JI 

tOJj>eJo I (<_£jj-Ag*-Vl 3j_3jJl (J y>- L^_L<jj) 4LjJ_> cJI oljj^Jl ^j-P oLs jJ-*oj 

.1PCC I^P 


*lpJ w<>-^jLvvo 0 ^-J5 d^L>c_>i (jljjl 5JJld& ?CO 2 -p 15 JjJL> 55* 
c(JlLoJl ^^J-p .L^Ldd*>l -LoJl^vJ L^_x5vJj tlPCC ^Jda 1^75 ollL^Jl 
l)lj cC0 2 —> J2-A3 ^ j5\Jl jljd^-^l (jl ^^j-w^Jl ^3 d>L5j3> d-o>ddd5 

(jl 1PCC ^j-A J^Sjj (JjJLjj . 4_j ^JL^a Ojlj_>cJl 4_>-j.5 CO 2 jol 

1)15J . 1850 ^Lp J_La 4_> jJL* 4 j>-j^ 0.7 d—* o!j jl *doJL*Jl 4_>jJ>cJl SjI^J> cJl 4 j>-j. 5 
1850 ^j-°) a*-** I jJl 4_pL waJ I (jjUajI 4»woJL*Jl SjI ^>cJl 4j>-jjJ jZS ')}I ^J-Jjjj/I 
dJj ^)Jl (^5.vg l I3 jJl ^sjjJl o^3 ojl^pxJl OwyailXj t (1940 

<. 0 Jw5j CO 2 5J ^l^pLi^JI oUL^-o'yi OwLjIjJ Lo-Lo c^-oLlII 4_woJL^JI j_>cJI 
. 1998 jj-d 4joU C— -j2j /t-j . 1998 41 *^ 1976 au+a l ^y* ojl ^>cJl o-*-aj jl j 

JL*~ajj *^lil (j| c JL*~ajj*j?3\ d- , Lw*>L^3 ^3 dl-Ji iJl-LA c (^$^1 1-3Lvg| 

jUJj/l jl ^UaJ^Jl I 0jlj_>c-Jl 5-3 £-A 4_S_31jJLa 

t 1850 j>lp ^-Jt-ygjl (^J-Jl^JI j_^ 2_*J| ^5^-51 -Xx3 C 5iJi ^J-P j\-vg_3 . dPLJa_vg^y I 
J5 1)1 twoj_*Jlj ( J5ldu ojljj>cJl ol>j^ 0-*-aJjl ciU^ 

d^-j^ ^Lijjl Jg_>j N jiGj ^iwJl JgLlJl oj_A ojlj_>cJl (jl ^^^J} 

o^LjJl 1 )j5-j -Xij .‘dx^JgJl oLJwo-*JLj 4ia_>j iww>t j ( Ju> c 1850 ^Lp J-*_j ojl^>51 
^JLbo ^xJI oLL^ j>c-^JI ( /^s CO 2 jlwX^/?j 1940 ^Lp J-*_> ^CO 2 


L. Zhen-Shan and S. Xian, «Multi-Scale Analysis of Global Temperature Changes and (2132) 

Trend of a Drop in Temperature in the Next 20 Years,» Meteorology and Atmospheric Physics, vol. 95 
(2007), pp. 115-121. 
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ZjZj y ^c>- jl ^ 1940 1850 y» Lg_i*-J ^Jl ojl y>c]\ ^Ja-o 

•( j\ Jj-^zxj\ 

l)L *3-J”jJl I ^_3^C*_> . 4 JC 33 jLp CO 2 jl IPCC JJ y>-\ XSy JjJL 

0.1 ^zSSu ^^_JCJl JaLllil «-CCC*yJI CO 2 (1)1^ t ^Jl 4jC3wjl ^jLp H 2 O 

L&J_*_j Jj^j cC0 2 —U ojj3 *Lg- Jl-C& jlj (. ^_SJ| jljJC?*-^! y* 42C^Jl 

CO 2 Jl (£yj>^a jjj .(^j->Jl c_ij\-*Jl jl^1>-I ^^-P jJ CO 2 ^ -tJj-JJ 

oLgJl O^&3jl jJJ C^j-C^Jl JCa ^0*)/l j-& ^jj>Jl <—3*>\^Jl ^^3 ^Jl>Jl 

. ( 2133 ) j5ll JA \^ Jlp! C0 2 l^i jlS ojl J> (oLJNl SL=~ I 4 J Lj) 

CO 2 (Radiative Force) J yyL*-J*y\ oj_L)l 2007 j»Lp IPCC yj JU Jli 
I^J-p <upI*-J^I 0 jJLil vaJj .3^-^>-^1 oljjwwJl JajcJI ^3 20 Owbl 

^ Ojl^j>Jl <C^-j3 ^3 ^JULj c (_£^J>Jl c_3^L*JJ 4^»P L*_Co j/1 43 LUI ^3 ol-CljJl ^^i_P 

^ J_^>jj c ^j->Jl ^3 jUJl C0 2 ^ 360 ppmv JLc* jlS 1915 j>Lp 
J 5 jli dlli j_p jLAi .^^JlpI i^<Jl 5 j->J fj\ (. 378 ppmv ^Jl 2005 j»Lp 
43 UaJI y iLa^jilg oLj o**«j (_£jg>Jl 3j^l*Jl ^^3 CO 2 y° ( yV^\ ^iSy^ 
0 jjJl y ^< 2 -JL>Jl wbljJl jl5"j <• aJLL^ y» j_*_yg| <L^pL*_jJ 4jUg yiyj C ^JLL^ ( j_P 
.3j-* ^j-JLp CO 2 Jl |*~woij jJI ^3 IPCC 0-*JL> Ic&j .axJI y 1 <upL*«j>^M 

^_3 CO 2 (_5J^ 5 ”^ 3 ^ ^l-P 140,000 (J^-3 <J J-J^>Jl jj_y 2 _*Jl t '-L«jl J^\»>- 

270 J^L*_> y, jJl c ‘^S' l ^ */3,. 11 oj j-^-ll ^J^-3 jLS' a ^J_pI y, j_>cJl *^_3*!>CiJl 
ig-jwb ^S^s-i (j jJl J-g-jJl JwobJl C0 2 Jl £-J>ljJl / 2134) ppmv 

1 ^ CO 2 j-s^-P ‘‘J.jJ Cji5 U t f-l^_^Jl ojl y- 

250 J-^3 jl j2c>- 1 ^Jl ^<JLp j_y2_p JULcj^I (—a»/? jIj .^_LpI 

ccJ-s^j) oLygLaJ^jlj (2000 ppmv ^Jl ccJ-s^j) oLpUjjL ^Lp 0 

3lw~ j^ajJl IJl* J*>U- jlj . (2135) t 5 j^Jl C0 2 jIJlLo ^ (280 ppmv Jl 


C. R. deFreitas, «Are Observed Changes in the Concentration of Carbon Dioxide in the (2133) 
Atmosphere Really Dangerous?,» Bulletin of Canadian Petroleum Geology, vol. 50 (2002), pp. 297-327. 
C. Lorius [et al.], «The Ice-Core Record: Climate Sensitivity and Future Greenhouse (2134) 
Warming ,» Nature, vol. 347 (1990), pp. 139-145. 

I. P. Montanez [et ah], «C02-Forced Climate and Vegetation Instability during Late (2135) 
Paleozoic Deglaciation,» Science, vol. 315 (2007), pp. 87-91. 


555 



$ ji jJl Jl (3j^-lj CO 2 -Jl J-*_> ^J tali .(1)1 ^>sJlj oUl 

. 2000 ppmv j^/l (j jj>JI C0 2 (jy^* jlSJ tal t J>jVl ^j Jp j ycJl 


j-^>cJl ( /^jJl ^IwLLal ^J_P Ojlj->tJl 4 'J>-j^J CO 2 ^j-o <3j\_*J 1 C^_Lo Jjl) 
J^sIj_p 0 J-p ^>3 CO 2 2)1 (^Ip 10 J} jjJ* ir* (_5^°j (_5-^) 

^Jl>c-w*» 500 j->cj iil-Lkj .*Lo-j JjlJl A^slj_i_>cJlj tO ^^\-Jl^ t I j y* 

d)l ^Ls-^LoJI ^1-^ cl)500 -Jl (J*5U>- CO 2 ^ 2 ^* (_ 5 ^ aI ^^ 
Jil C0 2 jJJ L>jj^pj .1000 ppmv cu^J C0 2 (jy^y LaJucL* ojUI 
c jLJjo'^M ^jli J-L>cJl) ou*)La (1) y£s-~*> oJ_^_3 c 500 ppmv 

OjL AL^jl ^3 (_£^->cJl CO 2 Jl ySy (1)1 CJwJ y"~\ d^Lw*»ljw\J iwiJL>c^3 ( I J_ftj 

_ ^iwsij^jjVl jJl^jJI J J yg ,,^ L^Jf c4000ppmv ^ J5I jLS” Ai_jL^ 
2000 Jl c^Lp (1) yJ^> 420 - 450 Ji (Ordovician-Silurian) 

132 Ji (2137) (Jurassic - Cretacecus) ^JiLkil - LS ^\jy>*3\ jJl>cJ 1 J ppmv 

.^Lp (1)-151 


jj>cJl CO2 (_£ yj>*~a ASy>- Jj jU_> j& ^3 ^JL>cJl jJj>tJl jj ljuJj>- ^3 JjJ 

Jj£~a (Jj jlp 1^ t AjjIwL^) oUl 0 J-P C-Jj “ 1 

jljJl 

-/ - - >- 

(2139) 


-1 J3j 

(L^Lo-^Jl (UpLift) ^slc^_ j1w\J 1 y-j <Jl^ 


jj>c-Jl UjIJL 

^1_P ^J^filLwvwoJ 1 oli>-bw4 ^3 (JjL>sj JJl Aw*Jj j_& j-ojJl 1 J-&J • 
jj 4 _>c^jll]1 0 J-& ^j_SU .^JwoJl ^JJl CO 2 2)1 ^*»Lw<j1 

dL^3ll>s j*J L> d)}^ .‘dL*_^j ^c_jbo ^> 3 ^oLojJl 

.^^^>-jJl J(?LlJlj t^v^j'yi jl>- JpL^tjJl CO 2 


^j^?Ltf->ol <^JL*S y& 


Uufcj 1 385 ppmv J-& ^jj>Jl ^i*>UJl J C0 2 JJ JL>J1 ^jj^>^<Jl jl 

( /^s ^>Lp 90,000 aJLJ^ ^j-o ^Juo->o ^JJl ’J-j-AjLoJl lLowL>cJ 1 ^LwoJl 

CO 2 ^ .^xJJl ( j-o f-^jjJl ^0 ^Lp 10,000j (_^jUil wLL>tjJl 


D. L. Royer, «C0 2 -Forced Climate Thresholds during the Phanerozoic,» Geochimica et (2136) 
Cosmochemica Acta, vol. 70 (2006), pp. 5665-5675. 

R. A. Berner and Z. Kothavala, «Geocarb 111: A Revised Model of Atmospheric C0 2 (2137) 
over Phanerozoic Tim q,» American Journal of Science, vol. 301 (2001), pp. 182-204. 

D. J. Lunt [et al.], «Late Pliocene Greenland Glaciation Controlled by a Decline in (2138) 
Atmospheric C0 2 Levels,» Nature, vol. 454 (2008), pp. 1102-1105. 

HadCM3. (2139) 
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^QajJ jil d*a 15" Lo->j d jJJj d>-j,5 1.5 ^y* ^1-pl dJ>-LoJ d 

. (2140) w>Ul -.If j^Ju 420JI J*>U~ U J> J S\ 

.dJJj ^^Lp f-Lo Ojl^axJl d>-j,5 J C ^LojJl JjlJJ ^3 ^IjwoJl iJ j2>u* J*yi 

C0 2 Jl ^ JojoJl (Outgassed) jl~U^l c^^Jlpi ojlj^ da-jjJ oj 
3J-p *d*_oa Ojl jJ I oLL> <l)jj c o jJL*- 4 o J_& l)} . daUa,o>coJl 

( /j^s Iwb^s ^ jd^dl ^Jl> ^Jl c_Ja>cJ c JtuJl ^i_*_3 . as j ^*-Jl ^p j-*J clr° 
Jla>Jl jJ* Lo-S" i 4ygi>doa ojl y>- ol>ji da Ua-o>coJl ^j*alja^l jLoJl 

JaLjdJl ^3 |j_>ljJ Jjj>c-^3 (_£^->-1 j-yaldPj I J_; J^- jL*jJl I J_& i^jj>zjj .jiadJl JdP 
dolJ_P ^1 joj ^ j_><o ^Jl daUa-o>coJI e-ljj^-Vl cildo ^3 dy^la-oj c ^>-jJj-*Jl 

jl djJ-> C ^j->Jl o 3>A_*J| ( /^s CO 2 —ll Id-A y>- jJj^Jl JaLJddl ^JoJjj .o3jJa >coj 
^3 ^jljJl oijL*Jl jjJ CO 2 C_*»*Jo t jj**')/! (_£ja>cos ^_5^J *J^“ ^-W c -’ dj^> 

.^UJl ^IdJl do 

^3 ^ 11 ^ > d)< »»* I J J 3 odJ J C AP^^*«*U ^ - - 5* ^^J | dd*0«P ( 

daljdalJ Lyg-ji Jldkj .e-IdJJl ^tS"! dS»sljJl c-g^-ya-)' j_g-d! ^3 CO 2 ( ja J Jaj-* 

ddo>-*o d>dJoJl dj_o2-*Jl 3ljoJl da^-<Ja ^£j_aJl c_3^\»*Jl j CO 2 o3j_P 

I « wO»J ^ I J jJ>c_y2_Jl ^1 ^-i - ^*~ ^^ ^ *a I ^ ^ -3 ^ 1' I., - - 5* I 

t^_3*!A-^di O^dwoJlj CO 2 daLjdaL-S" ^>s tJ j_> c_j daLJwOwP 

0 400 ^Jl^a»- J_da daIjj_> j £\Jl daL^S"daL-Lo-P d—Pj-w*» dij 

<J Ijl d-*-P^-w^j t ^PdaLL*J I d-^od3 t dwa j'dI A^jLp^JI daIjldJ I 0 Ldo J_*_i ^Lp 
^ oJa ^ja>- CO 2 -S" dalJ^jj5dl jjjJj wi-^j ^dj ^ *^-3*!)^di ^ja* CO 2 dl 

3 j^s>-j da Lw^ jjj c do j_> j_S" daL_~o jdS”j c ^o>c_a5" 


c 4Jo>jl 

iiljl iSldA 




J . dw»vd_S” 


jL5o ^^^aj'yi j^J-P ^ydJ jU>tjdl L^s3 jLS” (. ^)jjjS \Jl ^jasj-il 

da lo JO j_5old ^jOJj>cOJ J-^Ldl ^jos Jo Jo3 J C J-^d^ C_3>^di (J-^ CO 2 -dd 4 _*_^*j|j 
CO 2 aJIjI qJ~Lq2j>- .‘dyaj'yi 0 j ^\Jd ^UdJl o-dyadll ^- >c -^ 0 jJjAj ^L*o>Jl 

t (Permo-Carboniferous) ^Jdaddl J^J IjJAy ^j->JI cJ*>UJl 

ciid^ .^J-do>cJl j-o2_^dd dL>-^odl daLL& ci^ 5 ^Aa^l ciUj jLS” Loojj 


D. L. Royer, R. A. Berner and J. Park, «Climate Sensitivity Constrained by CO 2 (2140) 
Concentrations over the Past 420 Million Years,» Nature, vol. 446 (2007), pp. 530-532. 


557 



jLw? oJISj c ^JgjJl J (Gondwana) UIjJJj-p ojli oJl5 tcJjl 

. j j^w^j/l Jgj>- ( /^P o-L_*_) JgL^a <UjjJ — j-« Jl -U-L>- 

CO 2 iSy-> j— >C> *a_ 3 ^ ^ —>j-jJ” _ y& ^_J0) 1 jl_S" IJ 

^JJl (Pleistocene Glaciation) ^^jjL~oj\JI y& ISLoJ c 0 J? k 1 


‘LowJg-aJ' y& ^ Ojli cIISCaj J j\J>- j/ 


;i jla 3 ?jNl -u 


Cr^~° 


c ^ I_p j^—J—a 50 J^_3 I—*-^>Lj c^wQwC-lg—ygI^ c CoJl aLjp Oy- J->* 100—Jl J jG>- 
£_3JJu Lww«jI 4j>- ^-SJ-L) -Aj-Jl (Jl^j j/j t^J-P*)/! ^Jl Lj/ Lo. - ^ ll C--*-£jjI_9 

^ISJdl ^ JLjyi JIp jJl>JIj JjJl JJ *lj Jij . JlpS/I Jl LJUJI 
3Jj>cJCoJl OL^ Jl 4j>- V_fl_v2j L j/ Lo.^ Il 4g-Lw*w<a JwJ .4^*wO-jJl 43 LL 2 JI jl jJLd 

4^5C*_LoJl ‘L^^o-jJl 4_£UgJJ 4_*_g-lJl 4_>J_*_lj| y\ jLs (. ^JjJjj (. <lS j-^j'yi 

^Jl C *LwoJl_*Jl ^l_) Jl ^oLo-i 4 _pL&jj|^ I J^wvJl ^-J>cJ>- j*S* Jl3 J 

pLlCLJI ojl^ j>- oU-ji ^3 j-w-SsJl I iw^oj . JjwoJJ 4-woJJ C 

0 ‘C^>c-la-s> | 4 j>-Lwvw« d^l 3 J y><L^P Jg-3 dJ-i ^yyj C j ^J>c .yg.I I 0 j 


.4_>j_^j>c^ji oLjisciij jUa^'yi ^ jj>cj A^jCa 




^J_p| ^J) ^Jl^L^l ^Jjjl jg—w>c—<>JI 3^_Jl t. JgJl *\ j_JI y>yj £JUyj 

^-2aj <• <—> I J5s_*uJ j j->c ■*./?. 11 4-wo-w** ys jUg-al lLU^ yo C I 

L>Jw« uLwajj (_£J J J^ ^_3tA-^Jl CO 2 —llj yj>^SS\j H2^ —^1 (Jj^ 4 ^Lo-P 
^>3 ol jZ9 ( y 0 JjwLiJl Cj|jJj>tLoJl ya 4j y ]I ^ y^J .dgUa-^g^oJl ^Jl CjUjjJwj 
oU y\] <^JlsSs]\ Jl y ]I y~jj <uL<>»^Jl IwLJj I jUa^aVl tJJg-^ 

yj* C0 2 SJljl JJl^-p jl JUcJI ^-J^ J (Ganges Delta) jUJl LJ 3 J 
od-2a f-J-j ( /j_^a ^Lp jj-j-^ 15 ^-*->J C^Lp j50 J_L>a yy>x .J ^J j: J^ c_3j\_ij| 

/ ^^yjljl ^.Jgiil J wL1 >J| jjg t4^Lo-jJl 


t^_3j\_iJl ^3 CO 2 ‘Cwo-So ^ 1-3^3 y jl 

wCflj ^ ^ 3 0 -A-vv-j y I-A-A^ C IPCC ^^ 3 ^ 1 1 I ^^P j***^'*} ^ I 

CO 2 j^Lvg^a £^<yj>- IPCC J" -ij . jL^u^yi 4j>tJCo ^-IJl CO 2 Jl jlwC^a 


M. E. Raymo and W. F. Ruddiman, «Tectonic Forcing of Late Cenozoic Climate,» (2141) 
Nature, vol. 359 (1992), pp. 117-122. 
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olk^Jl j yy>cJl ^_3>L^Jl yo CO 2 (JLa)o1 oLiLo- (1)U .L^2 j1 
(1)jLJ1j t 4_flJjL>c_>s <L«Lp (jlj^.5 ^^ J • t Ll_oJLSC^JI ^-»P '*■—->lJLwJl y 

cJlo^JL^. 1 yy>-l j- } y-y>>5" ^-iLo-a *W‘* — ■-’1—w*^ J*lyuj yy-^o-5Ul 

(jI ^yy> ^ySUl iibwA d)l d)^| ^v^ljJl l/ 4 * Lg^a; oliLwJl ap 

.C0 2 Jl yp 

<w?L>cJl oULwJl ^Jw^L^jdlj ^y LJlJl y^JaJ d)| .^LDl yp 31 ^-oJwS" 
c 1 jL^>c_)1j c e-llag-l C0 2 j *1 j-$Jl Ojly>- ^Lg-j.5j c j_>c_Jl ^Ja_^ ojly>- *Lg~jwL> 

Ijlj^l J C d^l—^Jl ^y Lv2-fi_)J C 4_4_lj^J>c^<>J I ^yLJLll ^jLo ^j_° Js2j 1 yJl ^y J J 

^LjjLw*>1 ^_Lp (Jj_v2_>cJJ LLwJo 1)1 c-oy 1 ^}j .‘tJjJlj (OULJJ ^\_>j_*^j 

y*a ^yw^a-a ^ojjJl (jl y^o (1)1 d»Ojl 1^| C (jLo»Jl ^Jww*_w*> .^Jw^-w»j C jJJLa 

(^>cjj y *1 yjzs>- <Cw^-) (Gjetost) cu^*ygJ iJlyiyll 4p^wJl oU c ^lj-s^ 2 _>- "k~s>- 
c oL* yJ ^xL^3 <uJlyJyJl <Lp^J! d)Vj c 10017 yy*-&Jl y>c^.U *L£jLLL<a 

( lJL>- 433 yS"l (1)(_ 5 ^J 1 4j^j>cJl ya Ipy^yfl^a (jj^j (1)1 y>JLU 

.dU^ 0 -Jl> ^J»*Jlj .<L>ojyJl *1j-s^>Jl 4jwc>Jl ^y3 

yy>-l oIjIpj jlill 


jjVl (JyJLp-j c y-jiLoJl y^a (CH 4 ) (jLlyaJl 
toljJws_^Jlj t^Ly-'yi JJi_>tJj c (Termites) (o_>LyjJl) 


J 


C Jg. A. 1 it ^ w ^ 

^3 ^SsjJJo (1)1 ljwig- 'll . O Lww^>yj lj Ig.^g-c-^J 1 s dg L*_j2j ya j C j y>r^aJ 

(jy^j wlij .(jljLwoJl y^a ^Jj C0 2 i _5^' y^-w^LwwvJl f-Ua_*ljJl y L^ 

jwLygj j yS"! ((L^AwwJg)) jL^Jl LoJwo c ^pLwvgJl yojJL Ja-oya C0 2 O^y 

(2143 X ,. r | t 

yygj jsi ^1 yo 

C yyf^l ^>L^Jl ^3 (!w\g>- aJwJ-s) yy 1 y^Li^-1 o3y>-j ypy C (jlX-woJl (j| 

L^S” .^LoJl jL>o jl C0 2 y^ t)L5" ^Jjwii ^yij j-^j jL^»Lj 4^33 jLp ^Jl 'yj 

.yyf^l ^-3*!)LiJl ^y o^jwlg^a oLg- 4 J t^uipj c ( JpLixJ 1 wbwLJ* 4 j1 


C. Le Quere [et al.], «Two Decades of Ocean CO 2 Sink and Variability,» Tellus, B55 (2142) 
(2003), pp. 649-656. 

S. F. Singer, Nature not Human Activity Rules the Climate (Chicago, 1L: Heartland Institute, (2143) 
2008). 
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4j j~+£- jJ* j$ Uao i]L^i jlilLj t jliLil j.L,<a7 ^ill 


JjIjJ La t ^oJL^Jl oLi^oJl ^^ >c - >s oIjj-v^JwoJI 

( /^s ^j_>cJl ^ jJl>c_>j ^3 ol j_j L^jlJI < 

oL-w*wj^M oLiLwoJlj CO 2 oCL*_ol L_JjJg-j I 3 



£-wOJ>- ( j^s ^XS"1 CjUL*_obM ( /jP <Jjj_*^3 Jl j-Lj ‘•drr'j^'j 

o^y 3jj^Ji ( 3 ^^r 5 * - ^^>-1 ^jjl j^u^Jij 

4 _$Lx>JI ^3 9 c ^p jJJ oLjLjJI ( j-w^Ljj c aJJL>j ^_>c_Ul ^Lujj c oLjLjJI j_ojJ 
3 Lo-*aJI (Fume) ( jj>oj ^J^JajJ 1 CCO2 —LJ oLwso^M oIjL*_oI 

ja^j* yI ^L^JjLoJl pLJLj>-! ^3 oLlwoJI .oljLw^Ji ^0 0Lwo- 5 " 

4 j j oL* j 2 JjLwvw^JI ^3 L>jJ-v 2 j U 5 .L)^iSLJ 1 cjIJI ( / ys La 


(Carbon cycle co-operative air sample *\ j^Jl iiC-j- oLLj ^ UJjUcJl o jj^JI ojj:> (2144) 
network data). 

M. Rigby, «Renewed Growth of Atmospheric Methane,» Geophysical Research Letters, (2145) 
vol. 35 (2008), L22805, doi: 10.1029/2008GL036037. 

(UN Food and Agricultural Organisation : (jliJl) oJj><jdl *_«bU UJLp'yi j 4_pI jjJl UvJg ;-<> (2146) 
2006: Livestock’s Long Shadow). 

.(^_>-^il) oljUdlt 0&) 
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L I •4 L I 0! 0 L.^c-11 i». i •ii-.i‘ii-i-ii 1 ^ • t_) L^^oL I ^ L^ < o»5 J jS>x-*^2^ 1^ 

oUlj-^>Jl ^>-jJ c4_>j-^j>cJI 4_l_iSCJ! [^js>-j te-LL^Vlj ^ja 2-o^/l ^J-ojJl L>jJlSCjj 

^oULo oLLo- j^JaJ LlJ jJ c (_£jj>&J 1 <—3*L*Jl 14 0jjj5\J! Lj^SLJlj S^b>cLl 

<• (^£j ->cJl L*L*Jl ^3 CO 2 ^j^sjj <3j^~ (l)j-Jj5Dl 

.LJIp 1 ^-*-^ Uliji 


^3 20 ^p jJl c oljjL* 




J 


Ip 100 


^J>cJ ^>“l^Ll £xSI*J 


yL J ^-bo^f ?-LJl 500 ^■ > ° t^\ ^ ( 5 jL>c_*^ ^>Jl 4 JiLl 

La*)Lj3 4_>-jJlLJI 0 LwoJl j^jUt-a ^L^-wvJlj oLI^w>cJl oLLL>c-fl .c_^Lj>- 

olwLwwoJ ^^>-^1 oL>cJl cJlSwiI J I v JLJaJlj <. >Lp L 

c ^^^-LJl oL-a ^J2>-JJ L)l oL jj> j^i\j i Lj^_>cJl oLLLaj cL^Lj>cJI 
.^-^l^oJl ^plOwL^li L^-* 3 A^jL>-^L l 3^-OcJl ^3 4Jb~oJl <Zj LiLla.ll' (1)1 

4JL33 jLp j-A j L L)LLwoJ| ^jA ^^Jl ^3 1 ^L 250 ^Jl 150 4jj_*_>J Lj ojJLJI jJ-v2j 
100 J5 ^3 jjJ 5.5 <lJL*_&j <Jj_o ojL^ai LiJ-i ILj . CO 2 Sj-o 20 _> c_LlS"I 

0 La ^3 j-LS" 10,000 0 L 3 cJ^L*-j 0 jJLJ j-Jl aL^sjJI jJl 0 L 3 l j^la j_L5 

.oLLJ jLi (^j^2-oVl ( JwojJl) c-oL>^iil .ojLLl 

t cJLLoJl .^JL*Jl ^3 oLlwoJ! L ( /j_>I t j_) w\^"Ll4 

.oLiwoJl £-* oLj^_v 2 _U L>-LoL« Lwdjjil (3 ^3 (Lake K.ivu) j-^5" 5j-^>o 
^-oLJlj (^^lj Lr^"^Lr° J“L2j oLlwoJIj CO 2 5oLw<>>5" 0 L 5 

oLL*-ol ^oL3 L)Ls JLJLj t< 3 jjc^A oLLx-o'yi 0 j_a L)}j •^-^ j 4_o ^-Lll SjL>cJl 
^^JlSL!! jlJuLiJl 4^jwJ (^Ua_pj ^ 5 -^ j~y t3j_L*Jl j 1 cjUJl 

jIp t ^0 (1)15J■>La.il CO 2 lib • ^ yA 1 ^ Lw^p^«J»i 

^3 L)LwL1 ^-0 4^-oJl ^3 70 .oLwoJl c LS" 

^3 cj L-^ai L1 ^y> ^3 U1 J5Ljoj c <uL-*J I 0 La ^ja ((j-L5 ® S ^->0 

CU3jJl ^3 ^ L*LkJl ^ cjLLl ^LLi^cJl / ^oL^Jl 

L)| . /f^LJlj C ^jJ>-ljw\Jl ^J^Ls (jLwoJl jJLsAj ^1 OLI^^>cJl 3J-P *L3 wLjIjjj ^jJl 

. <UP Ja53 i L L V jAaj>- jA I ^ >- L j-o-j (_^ 1 0 L-oJ 1 cJ L^Iaa* 1 


K. Tietze [et al.], «The Genesis of Methane in Lake Kivu (Central Africa),» International (2147) 
Journal of Earth Sciences, vol. 69 (1980), pp. 452-472. 
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twJaj2.il d^j>cJ JL ^^Jl d)l«A-LJl dUx3 .J)tw>JJ j~S jJ-v2j 3 4»JaJl oI_lLJ| l)| 

( ^y 3 (1)1 c (jbLwoJJ jjL> oj^UJ ^jLo-J^Jl ^3 

j_y_P Jl J ^ *1jJL-yo^l J2_>- ^j_jj <^o^_3 ,5 *>\_jj *1JaJ>“ ( /^_P oJ_^*_> t '-Jaj 

>._;2j y>- ^y*J •&-**> 0wLoJj 4j j^}\ ^3 oLUjJJ 4_pLw^ J5 CjL-oLJ . 43 J 

Uoipj c (Growing Season) j^Jl jIj^J Jl *LJ> Jl 

Loojj . J)LLwoJI L^JwO jwLyaj 4JUL2La Cj> L*_Aj2j ^Ja_i l-Loj>d>3 4_>^Jl ^Ja-^ J^SJ 

( /^_P o-Ly*_i jjLljj ^_3 4_vala^_>j tjj>c-Jl ^li oL*jJ ^3 oL& j_JJ| C-oLS" 
JljLwoJJ ^jliJl jlwL*ja^/l^ C (jljLwoJl dj| jJ wyA dy>cJo J_3 t ?-l 

£-Jj ^3 jljLwoJl J-ysy$"bo^ C I ^cJa_y*J d*y>cJ J IjL-oJ I CjIj JwyA (J ^J>cJo . H 2 0j 
‘Ly^vjJl jljLwoJl Cjl J J—A ^_3 d->Lj J-) J^S Jl JwoJL^yJ^ . H 2 0^ C0 2 lj j->S-*^\ 

dj Lsj-Lpj .aj^j>c-JI oLjISDJ Sj^jJI C 13 Jl C 12 j/^-o A^ygJU/a.>cJI 

^JLoj .<1j Ly^i ^Jl ^3 ^v3L>-I ^»t.-..>,^.J ja>*c-Jl ^Jj la-d .*■*■.> c oJ-& 4j ^>c_Jl djJjl^Jl 

C 12 :C 13 CjI£- yo ( /^ja Aj-yvJ-yo AjjLaJI *y_3CjL-yo jj ( /^yJj . JuC C 12 :C 13 4 j3*)\^ 
J-3j . CjI jJ* 0 Jw*J J j_>C_J| oLy* ^3 Sl>C_3 (_5jj ^3 0 L^yoJ I 1)1 ‘d-yO J 0 JywOw4 j . Jo U 
^_>t_2Cu c ,1a.-.>c_^>J 1 ^_3 JljLwoJJ c3jj iiJyk JLS" l-iLs . £ LyLo»*Jl oJ_& 

jLo-jJl jJ>tJ ^3 wLy^aJl (y^_S"| ^>5 j^J ji J . J J L^J L> 0 LwoJ I 

(»_^5"l oJ_A OjjJL) IJj>-L2js 111 J-A3 4^0 li_w4 oL*_flJlJ 4_>t-Jo 4 Jj>-Ujj o j J-v2j 

. JJa.ll Jlp 

L^Jsj (_£^1>cJ o^Xax-oJl oUlj^a-cJU . cjlLyoJJ jwLya^j f-L*a*-Vl J-*J 

^ ^LJ ^ JjLla-l J (Methogenic) JlL^ 

4_vaL>oj c A)j>-wLa oUlL^Jl)LlyoJl CjUL*_ ol . j^oj>t)Jl 


S. E. Mikaloff Fletcher [et al.], «CH 4 Sources Estimated from Atmospheric Observations (2148) 
of CH 4 and C 13 /C 12 Isotopic Ratios 1: Inverse Modeling of Source Processes,» Global Biogeochemical 
Cycles, vol. 18 (2004), GB4004. 

M. Mastepanovan [et al.], «Large Tundra Methane Burst during Onset of Freezing,» (2149) 
Nature, vol. 456 (2008), pp. 628-631. 

J. Lerner, E. Matthews and I. Fung, «Methane Emissions from Animals: A Global High- (2150) 
Resolution Database,» Global Biogeochemical Cycles, vol. 2 (1988), pp. 139-156. 

M. P. Bryant, «Microbial Methane Production-Theoretical Aspects,» Journal of Animal (2151) 
Science, vol. 48 (1979), pp. 193-201. 

D. E. Johnson and G. M. Ward, «Estimates of Animal Methane Emissions,» (2152) 
Environmental Monitoring and Assessment, vol. 42(1996), pp. 133-141. 
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. ( 2154 ) oi^ji jj, jbjJi U, idjjj i j ^jl>o us - . ( 215 Vi^i 

OjjJlj (. I C^j^2-oVl J^jJl ^JjL* Olk_v2jkJl (jjj 

L^jlSL; J_>-j_> k_i_L>- *UL>-I Oj_~Jl t (Millipede) kJJ'yi 


®0_jlAJLd j-X-J* I j~£ IJI -Gbo Cl^Ljl^-^>C-Jl 0 jJ, ■>■/? ~)J .4-C^J>- ^_)ljLw4 

jIjJL* ^L^j>cJ oMjl^Jl .iSbjfc Oj15j / j^>Jl ^_3*)\JJI olL_<j! 

jlLwoJl jJ-v 2 j ^Jl L^Sv-Jl oJj J^jJI j^LvaJl oliLwoJl 

0 Ju j3 A»_>~ 4_P y^>x^a <. j^1 ^A-P AojjJjJl oLw^cJl ^JLdl 


. Lbsl jil 


j. 


Jl ^ 


oL>tS" wb>- 


^1_P uJLj jJjj^s (Jj5jjj j-> <> fi-3jl b_i j . (jkuVl ( J^L>cJ ^3 A*-kaJi 

L^_bj L^-S' :l»>I j o j j j 1 jjtS')}] kjkow^SAJl ^1 j_oJI ^Lxd 

^J-dj>bdJ ^bajJl J-aVlj aJL Jj? *ba2L*Jj ^JL*J Jj>x Jl <-A*)A*Jl ^3 

O I wb>- I jlj . Lg-yfl-l (jl I £- J-yflJ' <^>- J-4 (J ^A_P 

^Si P-ko JJu>*b <ul jJ-o (Dichlorine peroxide) ^jjl£_o Jl>L*Sj^u tAaJaJl 
Lo jLjy ^^SU-JI ^ ^ U IJlaj / 2160 >( 2159 >< 2158 >| jjh ^ jL5 L^ 
^v^Ljl ^3 (1)15 J>Sj *A)jjj!)AJ Ak-*>kJl jlJJLdl ^ 

.wL>Jj>- u^i A)Vl ^Ip c j^j>- L^JLLk klL>iJl oj j-skl ^Jw^ISsj 

./» J-kJl oJjbj 


K. A. Johnson and D. E. Johnson, «Methane Emissions from Cattle,» Journal of Animal (2153) 
Science, vol. 73 (1995), pp. 2483-2492. 

V. H. Varel, H. R. Isaacson and M. P. Bryant, «Thermophilic Methane Production from (2154) 
Cattle Waste,» Applied Environmental Microbiology, vol. 33 (1977), pp. 298-307. 

J. H. Hackstein and C. K. Stumm, «Methane Production in Terrestrial Arthropods,» (2155) 
Proceedings of the National Academy of Sciences, vol. 91 (1994), pp. 5441-5445. 

P. R. Zimmerman, «Termites: A Potentially Large Source of Atmospheric Methane, (2156) 
Carbon Dioxide, and Molecular Hydrogen,» Science, vol. 218 (1982), pp. 563-565. 

W. E. Balch [et al.], «Methanogens: Reevaluation of a Unique Biological Group,» (2157) 
Microbiological and Molecular Biological Reviews, vol. 43 (1979), pp. 260-296. 

F. D. Pope [et al.], «Ultraviolet Absorption Spectrum of Chlorine Peroxide, C100C1,» (2158) 
Journal of Physical Chemistry, Al 11 (2007), pp. 4322-4332. 

L. T. Molina and M. J. Molina, «Production of CI 2 O 2 from the Self-Reaction of the CIO (2159) 
Radical,» Journal of Physical Chemistry, vol. 91 (1987), pp. 433-436. 

J. C. Farman, B. G. Gardiner and J. D. Shanklin, «Large Losses of Total Ozone in (2160) 
Antarctica Reveal Seasonal CLO x /Nox Interaction,» Nature, vol. 315 (1985), pp. 207-210. 
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(JjJLU Li 15 ^ j-w*Jl L« (1 )\j j*w*JL 45 \j y* ^LwoJl ^j\s* 

g-UaiJl ^3 j^kl! o^HJ .^j^j^l c_5^ jl j-^>- 1 kjJol jjl L)15 <1)1 

L^J ^JLjl dkg-Lp-S^l o J~£ d->l^*cJU-> (jl ^JLoJl ^3 1 jJj 

J5»-l5 Mj jJ >cJl ci^LiJl ^3 CO2 -J l)L^»N 1 SiL^I ( j~* JwoJL^i L^jI ^P-Jj 

d)liUl c (JVlist) |*_>wLw*Jlj < >b-yk1 *)! L>5 t Jj>- Ai-b ^j»*iJl ^LwoJl 05 Uj 

Lv 2-4 C Aj-w*Jl c *Ljl jL>e_> (1)1 oJk>cJ jij jjl Lo-gJ 

jiDl jj.s goLjJl oi_& c^yg-gj cliJi5 ,l^>oU_> ^3 lLLJLIJ <u-**»J>j 

^ —»*lli^CC ^*j jj c L^l^j «1 4_*^2 j2j>c_«^ 3 ^j,*^Jl ^ wi 1 

yS* OllLoj C Lg_^3 15 jSLs^a oU?lj^sl ^Jw$-xJLw%5 oJJL*_>J 4_>jJ yyiS ^oLo-i ^_^-Lp 

.«w5j5J1 <uk^J Ls^-^v? L»-£3j c <LL^5^ 

^JJl (CloudSat) oL^j c(Calipso) ^^JyjJl ^LwaJl j^iJl ^k.. 

. ^-.vJLlaJ 1 ^oLoj 43^ <bL>j ^JjL>c^oJ L^Jt)L>- ^ j-^-p L5^i kJL>- <. L^lJ 

lol . Ua->.«Iu *}LsLp (_£ jJ>cJl ^i^LkJl CO2J Lw«l5 *!)LoLp ^ j^iJl ^LwoJl ^oLoj y^xjj 

J-*_> ^LwJl ^3j)J C ^j*w*JL y~S-~a ^..^.3 £>J £-oUj jl i, ^yS' *}\_> ^oL$»J (Jb>-*JL^»1 

^)LoJ t jLjL*-^! (J ^-*-* 1 ^j-^iJl jJl (1)| .cjLwwvjJl ^>tJL*^o j>sl j^-3 o'yi ^Lp 100 

<x^>-ljJl 4 ^ww^w<>-aLJ 1 4iUaJl ^j-o15s_*j! iw^vj ^3 ^jj 1 j^fcJl <1)1 wL>cj C L>-jli>- 

a.^-*L^>J 1 ojl^>cJl oV Lib j->cJl O<• kol^-*-*^1 *wj1-p ^lLJ • * Lsi-^.11 ^1} 
^3 4_*^o2_j ^_*Jl Ja_>- ^3j .^L>Jl jL>c_> L^_5L^wo>j g-Lyfl-fl-) 1 

g-LJl jL>o ljj>- bjL j^Jl <1)^SL t L^3 ^p N <U c g-lja>waJl 

1 ojl^J>cJb ciLwvw^j (^iJl j->kl ci^LiJl ^3 
p*_^-^p t cJLl^ji ^^aj'yi ^3ji (ji 4 «jl^ji oLpLijj^yi ^3 4_*^3jji 

jiyg.ll cu>J 40 ojl y>- ^rj-i ^ ^j (Cirrus Clouds) kLiiJl jj jiJaJl 
,j^5l ojl y>- L^j> 5 ^>c^>o L^j5\J c g-Uikl ^9 Jil ojl 

L^Jl 4_ii»“ljJl 4^w^>-*LJl jIjJLj ^j/ 7a >Jj ^j/?jVl ^j5 ^j-^-^1 L)j 

d->L>“j^ 10 _j ^j^aj^l ojljj>~ ^xj2_jjJL^ 9 j-w*Jl dJujl blj .4j«oJl ^3 8 jj>c_L> 

^j-o 4j»oJl ^3 7 ^Jlj_>- jJLoJl oLudjMl ^3 *U2 -Jl 5\J1 j^iJl .4 _>jJJj 

^lLoJI ^ 30 jj>t_> ^j^LwvwoJl ^v2jL>&^3 fi> J^-*-ll LoJwo tCJj ^1 ^3 ^ajVl 

Lpjj>-j 4 ^ww^j-*LJ 1 A^UaJl £-SJj C ( j^wo-*lJl ^_Ls jj 1 ^j>» 
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j_*-p ^I^jI 4 JL 0 JI ^3 60 j->c-j ^j-p i)jj-wvw4 ^Lv2_aJI 

jj>J ^^Jlp jl>-jJ ^jJI jJJl ojufc ^ (Strato-Cumulus) aJIS^JI ^Jl 
oUijJ I e-UaP 4^oJl ^3 20 ^Jlolk^Jl (__ 5 ^^- 2 j 

C <UP^ 1 jLo-sVl ^y* ^j»^*Jl y& obj_L*-<J <^A j«Jl 4_o j_>^LbJ 1 4_>jJ>cJl ^Uj'yi 

dajj>- <ij L*_sjj ^bol ^p oj^li 1966 ^Lp 4^pbJa_yg^/1 jLo^Vl d-olS"j 

^ j_^*Jl ^3 4 JoLj ol j*-xj ^ j-%^Jl oLxlj j-wJj . ^ ji5"lj o3 jJ>- ^^LpIj Jp' 

. ® jJwO (J 0 ) < 2 ^ I *C >-1 (J >b>- o ^*S" Cj I 

j^>cJl t. _ 9*)b*Jl ^3 o3jj>- j-* 5 C f-LoJl jUu pLJLLw*»L> 4JL^3 jJl ^woj>- l)j 

^3j . ^ Ojl j^>tJl A^-j.5 j^xj *L>Jl jL>cj 4_>cJL>j 4 _j jJl ^S"l 

J^ows^j .*LJl jL>c_> JuJ-oj ^J>c-jJl wLj^j 4»«JL*Jl ojlj->cJl oL>-j3 

Jwol_P ^boJl jUu (jjj .^j^^-*Jl <2 j2j>c_J C 4-.yg.j3->c-L'frJl Sj| j->cJ| d-> L>-j3 
O^SC jjfcJli ^ aJ j_^»vo jLjJ>-'yi J-^3 di-b £-*^3 •^j j3 - >t -^ *)CjLp 4_)j 5 ( /^s 

^3j .iJL^ pLo—*i ^0 aJs?j A-Jj^Lw** AJl iaJ^J ^3 ( JwJJl ^^3 ^ JJLx^j jl^jJl ^3 Uib 

jj>Jl jj^C c Sib- f-Lo-^Jl 0 j-5sj Jab- ^^P wL^-Jl Jb-laJl ob 

«LwJa_iJl LxJl^JI jj_v 2_*Jl n«s*juj .^JwwUl ^3 bjLj jL^jJI ^3 ljL>- 

.3jL> c_3b>- pIO jLJl 

£ L5_L*JL^J1 ‘L^l.^.Ji f-lwOwwvJl v_ iVjL>- l)| • t I j -- 3 S ^o_«j ^a»1_Aj .iilj^k 

^Ijwo-Jl j—x -1 ^_Lp 0 J_jI jLk^i wLj1^_j^ ojlj^JL 

jLo.s'yL> ^^bw« ^iwoJ i)\j .^^-^Jb Lo-*>bS"j c obvu^fl 

(The International Satellite Cloud Climatology Project) A-JjjJl LpUk^Nl 

0 *_^l ^ Su^- (ISCCP) 

. Azl?\s>- jj C!^wO->t31 ^xJl 4j jj 


^IjwoJi L)i ^j-wO ^TJl c 


Ja^J>c^oJl a Li^l ^_4 j (_5jI( 2001 j»Lp) I jiz-yA c-i^tCLS'l 

( j-w«Lp ^»b ( JwJj>cJ 3^XJJ (. <^S ^Jg-*.Ai ^_^-bp lj-33 4jLlg_L^J' <^-&J t (^^L^Jl 

C jJ>c-Jl ^f-]g.*Ai ojl ^>“ 9-Wa-XJ L>- ^pljJflL^i J-O-S C^ljLwJ Lo 

^zSS^Jj L j^>cJl ^r-]g..>,A> 


Ojl^>- 4 j>-j 3 jj LsJ-XP OjljlwU^?^/ 2)1 Jl^-j 


A. T. Evan, A. K. Heidinger and D. J. Vimont, «Arguments against a Physical Long- (2161) 
Term Trend in Global ISCCP Cloud Amounts,» Geophysical Research Letters, vol. 34 (2007), LO4701. 
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La-XlP ^IgJl ^ j-5 4 jj_L*J| ^^3 ^aiLj ciU.5 

(2162) 


^J>Lu ‘L^IjwLII o-i_A ^JjLo JL$j ->j 

~ ,, *, , ^ (2166)(2165)(2164). . M . t 

tJC>cJl J-& L^_>j • 4_4 j>- 2 ^^>-lj 

(2169)(2168)(2167) . t i ti . 

. (_£^J>-I CP>L^>L4j I^J>eJI IwJLjI 0jjN-3 d*-L> 


(2163) 


^f_]g..>Ai Sjld) 

j^Jt\ <1 j L»*> I j3 

(. owbJ_>J| jLSoVl 

ol^ia3 ( J^wJ ^Jl ^ ( j>s l-bj>5 LJ^Jl ^ j^*Jl ^ iw^*oj l-i-& 

jj^>tiaJl ^j^S* d)jj c 4jwLJj>- olj^3 t jJa^oJl 

^JLJLj c owL^- (JjIj J-s^? aa^-s^ olilj o j_& 4 jj^L>cJI cjIjjJJI 

^^UJI il^ jl Ojl ^J>cJl 4_3l_l? wLj^oJ ^ Aj>- Ls^w^j ^3 Lv2_slju (1)1-5 

C-jLj^^vJj oLjwoLoJ ^3 g-Lyg-4.] 1 ^Jl C-oojl^J>cJl jljJLa 0\j • (_£ 

Ojl ^J>cJl ^y2->z-) ^oLo-i ^J-P d—d^Lv^l jJLS^yi (j ^JlJ I 

.(_£j^><Jl CO 2 -JJ 4jj 4jlpLv2-g 2y>-j ^JL>- ^3 

<_3lJdS"l J5 j^jj t ld> <,_<l>cJLwvJj c LjLH ( /j>s ^JJ-Ajj c L^>-ljij <UcwJa.l1 j^JLwsJ 

. L?Q a <3 1 La . a AjI^j ^ ^ji^Jl <L)I -b-l> 


R. S. Lindzen [et al.], «Does the Earth have an Adaptive Infra-Red lris?,» Bulletin of the (2162) 
American Meteorological Society, vol. 82 (2001), pp. 417-432. 

Y. C. Sud, G. K. Walker and K. M. Lau, «Mechanism Regulating Sea-Surface (2163) 
Temperatures and Deep Convection in the Tropics,» Geophysical Research Letters, vol. 26 (1999), 
pp. 1019-1022. 

Q. Fu, M. Baker and D. L. Nartman, «Tropical Cirrus and Water Vapour: An Effective (2164) 

Earth Infra-Red Iris Feedback?,» Atmospheric Chemistry and Physics, vol. 2 (2002), pp. 31-37. 

J. Chen, B. E.Carlson and A. D. Del Genio, «Evidence for the Strengthening of the (2165) 
Tropical General Circulation in the 1990s,» Science, vol. 295 (2002), pp. 838-841. 

B. A. Weilecki, «Evidence for Large Decadal Variability in the Tropical Mean Radiative (2166) 
Energy Budget,» Science, vol. 295 (2002), pp. 841-844. 

D. L. Hartmann and M. L. Michelsen, «No Evidence for Iris?,» Bulletin of the American (2167) 
Meteorological Society, vol. 83 (2002), pp. 249-254. 

R. S. Lindzen [et al.], «Comments on «No Evidence for Iris»,» Bulletin of the American (2168) 
Meteorological Society, vol. 83 (2002), pp. 1345-1348. 

M.-D. Chou, R. S. Lindzen and A. Y. Hou, «Comments on the Iris Hypothesis: A (2169) 
Negative or Positive Cloud Feedback?,» Journal of Climate, vol. 15 (2002), pp. 2713-2715. 
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iy\$5b JUsiM 


. ( 170) 5jjjM ^JLiJl L»JO»- 

^Jol ^ JJl (_£ ^-O-P AJL9 ^P ^^Jlp JoJ-£j ^.Jg-P ' 4->j jjj 

^jJl I-La Ljos L>oJ .aJ|3 Jj>o j^sJl jl ^x^-'yi -b j_^jJL j. yg-gI *)! j .LjLp 

^o^_^_]| ^jlj_>c_Jl ! c5 Jl-P a_«_*»*> 1_/w<»vJ! Ja_Ia_>c_Jl ^J-_*_j2_)I 

o-La ( J-SL*Io jL)3 J-9j *L^JJ^-02-1 1 ^LoJLA^I _y=^l JsL*J jj ^Ij 
^3 ol j-^jlU jl Lo-S" . ( ^j_>jJIj L*Jl cjj^ j>cJI ^_Lp Ij_La^ coL-* j—-Jl 

Jloo ^Jl e-j a^-L-VI LsUaJl jIJJLa ^glJLl ^Lp o j^-aJI A—^Lw-vJl JaJgjjJl 

. 4—V—I M-fl J O. A-]g jJJ I — 


^LpI c £-LoJ-*J| s-^J-A A^5L>^J iwJLla-} djj>- j iil_LA 

.^Ldl djjl& jl^)!l o1jIjL*-oI jl lp ^^>-L*Jl JJjJI ^*_pj tl^JL sI^j ^j->jJl 
j5jJj-gJI ^I^j^LLJ ^uJl» a^-o-s^J *Ul*J 1 e-'yjj-A ^Lp ^JJgl -X3^ 


o»J Lk->J . ^t-3 jo ^_J A_w^_l_*J I -» g ^ j I • (4 j j jJ I 43 ^j>c_^J I) 


^jjo oLjUwj jLo>l 

(2172) , », 

jr^iJ • cij'^' cr* 


^~d ^ J>j£x jl^l a* ^oaL>c-<>Jl AJb^Jl jUtf j I 
j^g-'yj jL-o)/i Owo LJL-vwoJ ^-Og jL^ojJ ^JJ 


Jl. (2170) 

®.O—•»jl^jl Jl 4 <J d L—p ^bll j^*-* jl£»l 1 j>jJL JS” ^3® (2171) 

. Guardian (21 September 2006) i Aljl jp i^Jl5 C <2j y~J jA 
— (j U jUVl o L«wAj-p c (_£jl a -./? 3 ^3 Lo^w?l L«Jj-p® (2172) 
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d)l c LjUJl;1 ^-oJl ‘LoJg-;V1 ^3 4^j>c-yaJl ^^LwoJL> I^j_>XJl ObJ^l 
O-PjJul ^xil OL J >cJl ^3J-J Lg_)L> C 4-Jgl jJLo-> jJl 3*)XJl ^-9 j-yg->cJl olS”^4>cJl 

(2173)- 

. 4j ^x-yg-J 

l j*jk^ a .11 ^J-JufJl c ^s.a.'Lo ( J5bloj >bX3 c ^~2 L>cj ^JLxJl d)| 

(_£ (jjj .^^Ujl 4 _*a^4j Lo Uisl jZ°J 1^>-Li>3 1-L&J J^i ^1 

1)15 1)1^ C Lyg-j' do j^xj> J-9 ^i_P oLw’xJl^ AJl>J| ^_>c-Jl ^r-]g.A,>» 

olj-^i-)Jl ^jZj>*Z .^.^551 ^y* t '-J-P ^j^JLi Lo Lyg-jl J^sljJLa 1X_A j . *Ja_o 

ol j~^xJ ijljwA (1)15 bjj .jlJLs^^l oL-L^ j\ olJjfcU^Jl j\ ^a>L^vJ 1 4^*_^JgJl 

.^*_^JaJl j-5jJ1 ^j_p Lg-Lyg-S ^Xp loli t UL>- oL^o^fl L^-^. aO-Lo 

jlj N ^5^1 jl o^l*J j! JJ 3^, j! <_5j^JJ ^>o UIp ^ 

^3 -L>“lJ ( J^v2_9 J-^ dJL>- LjLp 150 (J^L>- JXg>-*>b>J I j5Jl jl^l>-'yi 

(A; 3 

j5X!l jl^jo-'yi *y L^pj <Lu^_*Jl (J^-^Jl o—*-pjl j»JL) 

^_3 jg»- 5ld&j . (_£ j4>cJl o5^*Jl CO2 -XJ (JLaO^M OliL^L J^XxdoJlj v_43 ^o>Jl 

^-^->1 Xoj-*Jl CjL* w<>JL>c_^J 1 ^3 l)j^J5 *5d_plj .*dJg ^j*glllL^>-l j .$Jaj t j_ddO 
o>*}Xo«>cJX <j^XxJo Lo~o ^AXp j^j ^-*p ^jw--4j d)5j .^_^-Xp ^^23 wXi 

j.-.LSXJl jj^p ^.SCijJl olj ^L)w^J 1 j^-xZ-i 4_vg U*J 1 A-w« tX-P 1 

JgLj2_>Jlj oLjL*-o'yi <ly° j-J 1)1 0 'S/1 -lilj5 i3LwAj / ^ y>^o 

-LoJLxj ^vwoOJl A_*_51 j ^Lj jJl ^j-o <3-l_>j-^-5sJl jjjj l)lj <• j-J2 JO^j ^i_P 

l)lj t‘L^ aiL-* i^ 1 ^Jl*j>cJ! 0 jJ ^0 JJ^il j Iwi^- *ml5l>3 L^_>lj t L^-5 p 

obU^oMl l)lj c ^IjjJI ^3 lA/?,.4 j oJguj <loJJ 1j_>* ^j-a4>J1 3jJjJ1 

c ^j-^f^l ^b>X*Jl ^Jl CO 2 0 ^-w5 oL^<>5 jJ-vgjo< J-i^Jlj ^j-ws^Jl (J^ 4 <u^Ul 

( J^j>c_> ^p b.A/g.11 ^asIoJJ ( /j>j15J1 jIjiaaJI 1)|j ^r > ”^ o-’IjljJl ^_^Xp 


— P-'y^_gJ *—>O' ^xZj c t^->l■»i><oJ ^ILp <-&->• j — 

< http://gristmill.grist.org> , : ^ ojOj» _^>- ^ OOl 4 j1^5UI c jZ . (( jj ^1 y\ 

19 September 2006. 

Vaiclav Klaus, Blue Planet in Green Shackles: What is Endangered: Climate or Freedom? (2173) 
(Washington, DC: Competitive Enterprise Institute, 2008). 

(Bertrand J~«j Z>\Jj>y .«li>- OJS OjIjO ^j-\j .jSJcS\ ojll ojJOij ^Ul ^i5’ )) (2174) 

Russell). 
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bl Mj j+S J-*_i La oJ-aL*_/3 ^^_Lp ^ Lr^ Lg_>l L)Ml cJ jaJ o j_> j_p Mj3 
.l^Jlp <lS ^~aMl oJ^>jj>JI oLMjJlj JJ^Jlj J-waJl 


(jj t 


. CO2 ^fijjl Lo-lb 4 j| (J^Aj \wA^wo-JI (jM jJ^^d ^L&^Ml Jd)| 

ijJ->c_> 3! ^j_>Ml L)l j-^p cC0 2 ^3 ^Iajj! l3Lla L)LS" J-3j .ojl^->=-11 4 


->L jj 11 1 . ol j^p L)l L)jJa^-MLj (j^^ aiL^mJI IwLj .^Jaj>cJl j^Jl 


-Ml 


e 4 * 


c ^3^JL<>J| jl^)J>-Ml j-P-% I ^jLLJuI ^Jaj jLi?j (^ 5 ^ CJIj^LsaJI ojL>c_> cljjl y%j 

I^_*JL JaJ j . ^»-^>g^wvaj J-*_> ^JJl LwoJl a-LoJ-p ^UJl jLS” L)lj 

.OjAo CjI jl jaJI J-*-> ^Jj <. |t^j-L)Li ^_x-^JJl ^3 

L)lS"j .4x3^la J*£> 0c_3jjJfiJ <^l^JMl 4?-bv-a ^J| (jj-^aL-wJl ^Lj>o 
£*pj l dj|jLL>- bbA jm.J 4j| ^-w^aiLw^vJJ L )^}jju ^LwoJl a-Lo-Lp 

oL^UbMl j^xj 4jI (jj-^iLww»Jl JaXpI blj .oJj>-Ij aL^ai ^3 ^A^Jl ^woJ>- 

jJU^ 3 C 4 »/9 A >c^a oLjj^S" oL^lyal3l ^J} 3 jAP 4 *_>Aj J *>Lb <UpL^Jl 

£-Lw<Jl a-Lobp Lai C ^L>cJol ^3 4 aJL>cJ| ob& (jLw^Jl 4 ^-I^jj .O^a 4 aJL>- 
LjJApj .jljJoMl (JL^-xIaaiIj oliLaJl Jap j c Ja-^jJl ( Jj>cJl 4 a^L^*aJ|j .Mb 

j-^xSJ M C ^J_jLa>cJ| j^xSJ Lajj^pj .4 -w*iL^vJ| j^-xJLj C JpblJ>cJlj (jL>cJl j^-xSJ 
<4^>- jJ j_> J_>M I OJlxJj . Jax yg-II M J 4 aa»L^»vJ| Mj 43 jJaLoJI a-l^ygj>cJl < 4^>- jJ^j J_jMI 
jj-^*iLwwJl 4 ^>-Ij JaJj .j=* jJl*JI ^j-a JU>- (^Uaj ^3 ^-^L-wJl JaJt-yaJlj f-lj-y2j>cJl 

0 J->-1 j 4P J^_>^a J Lj-o Jaxa/? oLp ^_oJ>c_o_i j ji JA> M 4 >c_v^ L j^P 4-s-o-Lp 4j jiaJ 

4-o-LxJl JjMjJI ^L^vj>- ^Lp Ija> jJj co j^aaaSLJ jJ ^LJlxJI ( /^a 

.4Lal^J»Jl 03 J-xU>J I 

jl : (2175) ^ r ~ r Jo J i- > <■ (Dr. Patrick Moore) jj>= jj^jJI JU 

wLsL ?j c SjL>cjJl J-v? L) jp-jjj jJl 3J->Jl 0 j-^bjLJl IajJs-I ^y9,>eJl oL5^j>cJl 

^J-3 C J-^l jljJ^Ml ^j-a ^^LxJl ^j-^lJ-^l ^bbxjj .OjLsAJ>cJl J-V5J 4^Jj-^Jl 

^jja i)jJujjj C 0jJu^jj .J_>ilxJL> j_x-Joj J_)J_>cJl ^JwC^cJl ^JwAJLvvwa ^_^-Lp 

JL3 J . j-yg->cJl Ja-Xyg-] C>bj OLa jiUJl (jb |j_^Jj C ^JlXAj (1)1 OLa j^L>cJl 

^LaJ| 4 jjL>c-a ^J^>“l ^-a ^P jJ^La olp^>J>c-a 4-jJl (jJ-J^ljA ^_yfflj| 

w-oLwaJI IjJws^I 0 J ^ S' CjLp^_^-J>x_-a o^Li (1)1 ^bjJ—a ^ {J *ba 


< http://www.greenspirit.com.index.cfm >. 


(2175) 
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ol ol5 j >*Jl oUL) 


N ISUi 




LJlp 




?<5(_£^jO»5 c 1)^_)LiU jJJa^Jl .iLgO-'yi j*3 jjj *~a> 03*^5-^! Os^^>cJl 

^IjwoJl 1997 jo oJ j>cJLoJ 1 ^5v_LowoJl ^3 o)Lo-*Jl o^SC> cJl oJ-*j>- jJL) 
jJL*J1 J*>U>- CO 2 oUL*-ul ^1 _p 0 j^li ^51 j L^_>! jsS* (. j\ o^Jjl 

osj_5^>- l)}j .(1)Ll>Los (jl^sl ooiL>cJlj JU-jJ1 y>- o^>-jJj_>J«>j d)jj •j-^-'yi 
^ ^ * * >- IjJ ^j51 <■—A-Jl5\_; 03 1 ^->*0»-l 0s^j-P (1)^1 0>-l O^-^OoJl ^-SsJw^woJl 
OoUaj^Jl Oj5v_>cJl 0-*-Oj J-£j .^-5-3jJ O-^LwwvJl O 0 I 2 JI d)l j-^P c jJl 

OJuJl OsJ_>cJl d)^ ^-3j^s ^3 l^ a^Aj ol?l jJLo-> jJl oLsj5l>cJl L &3 

'y J-) Lg_0>~ jJ^jJ_ 4 0S J^il jJo ^jLv2j ^A-P Ol>s j5\^>cJl ( J^2J>cJj C olwsJJ C^W51 
(^1 L&J_>-Ij 0 L 0 -P Os j5o*t_U 1 J-Aj .Og_>^Jl 03 y >cJl 0>e-*^/2jJl 

.olj^jJl y* oljLLJl o3J-*o oUo*J !jl y La3L>o1 a5 jZ* 

1PCC JJ AR4 JJ ^UJl J^iJl JjS M o^oJl oUjil>Jl oly jJ 

Jjl ^Jlp oo^ L-^l O-S'j^'y t (Humans Responsible for Climate Change) 
L> y3j L^sl oLoUalsI j^kl J oU^5J>Jl .Jaia^cJj .J 2 J 23 j^-LaOs^s pLoJ_P Ow^-> 


^JJl jO* oLi^ 


o-JL5\J < 


a* 


LJ1 


^ O 


Ojili jjj^yoS ^oL-l ^j-So j*J <L~oJ>- J^~ (_SU (_J^ * J 1 Oj 

0>-j ^3 j»l*Jl JjJj C 1998 Os OO (^JJl JOJ_) ^3 ^jJl ^_Lp 

.^.yg->cJl ^O Lp^oJ>e>s ^>s ^^XoJl Js-i-v^Jl 


•y ji ^\ ^ oi ^jN\ iipt jlu 

cl)l j c ^LJI oljj3 ^3 oliil^A d)lj c U5b j^xSj oli>-loJl (1)1 j c ^JjLw*> 
d)l Ui” c ^LJljJJ iil-Lfc *^3 *• ^^woJl^ CO 2 ^-o 0 j^jk^ otAp 

.LoUOulj LoL v 03 1 ljL>ol (1)j-5\J jJ 31.s/?X3Ml 0^1 jJ 1 OjoJl olj-^oJl 
oIpj^>j>c^<>J1 oL^sLo* 1 •* ^d)^JUl d)^*_o ^LS"3 ^xjJ'yi d)^^ aiL^JI 

f-'yj^gj JJ .(l)LoNl O-^wvO (^‘Ul ^U>J-*Jl^ ^ygj>cjl 

1PCC ojl^>Jl o>L>-j3 ^LajjI ^>jp Oj j^jsj ^JlS \ 1 ^JpLoj 1)1 ^^.aaiL^aJI 

(1)1 iijOa 0 -j 1 ? 1995 J_Os jjl-> jlj-0-l iiLos d/^d ^ 1 1998 J_o 


((o>lx3^LoJl Uj 'y ipcc 

jl ^ 0 >-l ^3 ^_>cJl (1)1 OOo 0jjLJl_^ ^ ^Jl*J1 ^ys 0 JjJ_*j 1 oU jjJl (1)1 dijOs Ool 
'y 3 03 oIjL^a. 'y Lo j cii_]3 (1)15 j l ^ Jl ^>s L 33 I d)L5 ^Jl j yig-*-] 1 
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jL> ^3 ^_1 pI d-oLS" C0 2 d^L) jJL^j J)L> (J^JL)I j^Aj < _a_*_SLi ^4pldv2 

J_La J_)*>Ld ^P dO jJ bLj J ?4jLdb dLajlj oLv^l ^JL>I ^jJ*\ y£ ^Jj 

^3 oS/l Lbl \ o dJI i_-Ja a 11 jlS bLJj (j^JL)I oLj^*_jjI 

jd>cJl i_JapJi j_>cj J«Jj>- bU VAjLjwo*^\Jj j_JL*J| cl)^JLll oLjo j_JLp 

^ i— o^*wn^] ' i - ^ ^ ^^ 4»o d»^e_J I <1 ' ^3 ^jj> c -*^o c Lj 

^Jg-aJl y>^ d_J^>- oU^La^jI jjl_*J ^J-p t2JdSL^-> ( Jw&j ?2008 JJwA 

C0 2 jl5 b!j ?C0 2 JJ jLJNl ^ ^ oUU_JL 2007j 2006 flp JUjJ! 
4_*_>jl (J^l>- o^M j^sSL) ^JpI C0 2 oLS" bUJi3 c LJ jS Ijl^d>-l oJj>c_> JlsJl 

.L^ j}& iw^>o aI^VI d^Lu iiLjfcj ^1 p oIwLUxJ 


daJg_Lfl 




£° CP* 


IPCC 


(jjiaLdoJl ^JwaL>cJo L^_j1 ^-p 1 0 Jj>cJLoJl y o'yi yAy y^s>- ^*P3 4 Lwv^*i^-oJl od_^_b 

j*J*sS\ jjs L-*>Lwol IPCC cJl&L>j dJLJ j .yy>-\ db-Ld* y jJ jdL>cJ I 4_^C*Jl 
4_>j,)g.^l 1 oLo| bl c ^ j_L*Jl y* y~^ oNUfc^s yJ .JaJl 

jdL*_> ^IdoAJ ^bdJl J)! jJ-oj . ( Ju>wb y& lJdj>-l bdj>e-o ^_3 

. aIL?-I ol^bdU *^L>wb I 

jljl^tl ^1 2 )Ijj* ^ cLu 20 jj IPCC c~~w-b jl 

.o'yi j-^" 3 J-aL*^jj) IPCC iijJ LwJ-pj c oL-vo^/l 4_J_*^o 

LaJdPj cC0 2 ^ ^3 ^IJjjl^ (Jl^^Ji d^LiLla-) ^LwoJl ^oLoj d^^^L?' J-iLs 

Lo jJLi 4j>c^>c^aJl ^->^>“^1 ^C-dj C jJ J^O-SCI ^iLo«J c_5^i ® J ld>e->3 d- ,S yii>-3j ^Jw<>-XjdvO 


*>LS” ol ^P ^dW J 




,U ,ld^l 


^1p ^iLdJl d-J^j 1997 ^»Ip t _^ > ~ 


^iLo-j J)1 .L^_x3jJ jdo cJ| j 1998 j_*_i L« 3 II ^0 

tJ(Jl^-^l £A oJui^A jj ^->L*Jl 3 yy-A y 

j\ Ja..sJa.>dJJ do-jt)C> d^^i ^LdoJl djL*_s 

4_P^^oJl dL^flJ>cJl ^3 IPCC j-i yy±S ^oLo-J ^IdoJl C L^wj I 

Jgj>- ^L; Lo-S” C ^_^_9 C t»_*. *.^>c3 ^_>I ^O Lo-j Jwo-P ^ dp jA *)I I ^^vwJ 

Nj dPjl^j ^jlp J^jIj_*_j idJoa)) t (Freeman Dayson) dLo ->ji 

, (2176) «^>Jl (JUJI c _^ 


< http://www.abc.net.au/rn/inconversation/stories/2008/2444172.htm >. 


(2176) 
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^oL<kj ^_Lp *-Lj 1 j_^Jl jl^J_ j>uj jL^JLp! ^jC_AwCoJl y& 4_jj 
jj_v2^Jl oULoj ojjLJl 4 j>cJLx^J 1 <jl . t 4 _L>s_v^ 4_^oJ_xJl ^.gc i y>Jj jJj^^SsJl 
^IjcJl ^cJLXj d)l C di-CJl ^LL 43 j j_x>j o ^CLS" ol j_^xCa (jLo-*_l^il y2JL>j 

CC-CC j/j .iL^_^L)^Jl Uaj>- lJ-A^ .^ij^ojJl ^J-^*_Cw> ( J^_9 jJJL^Jl 

^o^<>jJl acLu La JlSo * l£ c->Lx3^Jl_j cpLL? UL^> j/l_j Sl5L>^Jl ^a ^iLojJl 

^^LxJl ^ oLLdl £^j>cj JwoJL^vj j . ojlp o^jA^-j t <Lwvjij ^O^x>jJlj J^LxCj j*al 
( JlXJ>- LcSs^j .^iLojJl ( /^s t oLp Aj j_>cjJlj ^j^LJsJlj t 4ja_P-jL^J 1 ( /^a 

t jl j~<CCa>L A^j>-Lc<»Jl k^jl^SvJl^ .*LwLo»xJ! j_>^-^^-SU l ^iLo-j JpUaj Ax^^^JaJl 

.^J-o^Ca> 1 1^1 ^-LcJl ^/2x_> ^ 1-£j^C_>- ^CCvU <Z y**> ^ 

c cjLp^^ j>c^JJ *Ls^_*cSL<>Jl ‘LoJg-L.o,!I cpL o L<cla 1 ^_p c_>^oJL> ^iUJl U^J 

jJa^Jl LcJ-p^ . ^J^u2jLww-<>J 1 ^1 L>cJl ^LwoJl ^p a_> Ij L<>w« ^jLS”! 

. JaJ23 A^P CjLa jj jlc^*u aJL L-*j AJ3j l>c-a 

^-jwjIj Jjl JL^I t(2008 _ 1917) (Edward Lorenz) jJjjJ oLS’ 

cj! (1)1 y>jy~> . ^-IcJl aj^ iaj o^So j-s^lJ ^a cj _^1 j t ^LcoJl 

j t Ax3 jCa j^P ^jLo 0->Co 1 jj j^^SvJl ( JJ>-wb La ^3 1 J_^- o jZk^ 

ja\ jjti t^ilS” ( JlSLco J-*xj ( J^JLc*wa (Z^ ^xijdl d)l® ! ^xu^lj .L^j>-Lo| o^Lp| 

^-xo W.LsLoJ 4»Jl>cJl ^_3 j jJaJl CJ^P 1 j (. AA)jJ^> AjL ( J^-,j>CCvw« 

2000 j 1860 ^»Lp ojjcLU ^^oJLxJl ^Lc<>JJ oLS”L>c_>s ^j>- s-ljj>-| 

oIS"1j>c^ Cj 15"j clPCC L^Jw<>-xICvJ ^)Jl .~a> l^LxJl jjjJS. ll (JL^-xC^Ij 

c ciiJjJ ^ C-oIS" L^jI ^P C t)^-d-3 Aa1c>c^3 A_Jjl ^-3j jJ^ 

^Lc<Jl ^3 oCI jI j^Z ^LcJJ A-Jj^l *w3jjJaJl ^3 |JL>- o 


oLi*>\cJ>“l 

(2178) 


(1)1 ol^JcJJ clr 5U^3 ciJj'yi (JjjJaJl UUJ cJ^xl N 115 Uj / Z1/S ^Mil 

,43j^_xjs *—^1 jl jJj-^^-SsJl ^Ua_) ^3 4 »Jj>- 1^ ol ya LcjJ 

LoJwO L <LS> j_Cw«j 4_J 2j>- <• A^5wj1c_> 3 A^x^JgJl oLd^_xJl (jl j_A 43 j_xj Z Z\j 

^Axj ^A od»Aj . AJa^wsO 4*Jap*~ ^P 4^Jajl ^lp JiCCo 4C^J jj ^^o-SGl olS"l>c^ 


E. Lorenz, «Deterministic Nonperiodic Flow,» Journal of Atmospheric Science, vol. 20 (2177) 
(1963), pp. 130-141. 

T. L. Delworth and T. R. Knutson, «Simulations of Early 20 th Century Global (2178) 
Warming,» Science, vol. 287 (2000), pp. 2246-2250. 
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y j^_o-5Gl ^oLo -j ^IjwoJl j^xj ClJ LL ULw* j 4_3*!>Lp 0 j5” <_->L^aiI 

c j»j_L*Jl ^j-w<>j>cJl ol5"lj>c^Jl ^_JL> c*Jj ^i!l 4^**Jl y cIPCC C—.^jlJL>J! 

C Jait3 1.5 jJj>cj3 I j*xj ^LwoJJ d)l C Jl j~oj olS"L>t>a ^Lp t La^j^2j ^3 

JZ*J i J^i (J 

. <l -J3^j3s>- l^j IS" j wLo c w o> L*_3 jj)) La o jJL*woJ 1 jj 1 ^o Lo-j ^cJLXj 

c a-L^jlSLs ^_p tAi>-Jja ^^Lp *Lj ^Jw^2jL*^w<>J 1 ^I jwd d)l JjUu ^:Uj ^-aj 

oLj? 1^191 £jaj c ^SwaL^O ^Uaj ^3 <uJaj>- j*£> olj^-*Jja £ja ^JjaL*jdJ O^jUst^jj 
^O jx>jJl ^j» 4-Jj.i OjL^P (_5^i ^ LwoJJ y ^^wwo-Sv_31 ^oLoj ^J. ■*■/?.■) J .1 Jj>- 0 

^oLo-> ^J^L^Joj .^JLJl y> j.^*..«/3.\\ ^Jjj>- ( J^o-p y> o.sIJL_p 1 j_p ^.SL^J 

^Jo Lo-Lo C 4_^v_)LJ l _ Lu>c.xJ 1 _ jj>cJl *«_3*l>\^Jl ^j-o d^*)A_P LL £A *LwoJL*_)1 ^L-oJ 1 

<L j>~ jJj-^>cJl oLLjJI j ^>jLdlj L ySi*}\j I)j^Jlj 1 ^1 j-^ioJl ^J^L>cJ 

. LolJil <i^j>zj o Jj>iJ ^ill 

j'yi Sj^is ojj-Lj ( _£-^3l*ji ^lloJi ^oLo^ (ji y* jJi ^i_p 

oL*j jj ®j- 1 L c~~J L^jI ^p c ^j^-wol ^J^3 Jg.l 1 ( /^p oL*j jj 

^LoJLp'yi ^lw2j C CjL*_9j_)J 1 ^Jl | /^ja jJl j^xIa t^Lyaj LaJ_LP J .4jj_L*j jl ‘LwW jja 

LaJJ^P aJ-jLs ^Lp <Cj>J A^woJLp ^Lja CjL*-3j)j JL-* (1)1 IixSCoj <-JlS (1)^| l^-J-P 

C 1 J^A 1 JV1 J^>J j ? J. S^a3 1 La 1 wL« CJL*3 jj ^j-v^SL*J (1) 1 L^vJ^j ^OL^jJJ 'y 

.^>-^Uj ^3 o ^ ^ *' ^UJl ^xjLygJ (1)1 ^ 

oU^LLw^^/l (1)| ! (^1 j La ^LwoJl C^L*_3 y ^j-P ^‘L^jLJI CSIRO (JjJij 

^LJLoi^- A^jL>^v 3 LL-xJ LL.^..^-J y yyS goUj ^ja ^jLj ^Lp 4»J^a 

4_ijJ (CSIRO) ( /j^a 4-Jjj-wvw^a ^1 ( jJ t clli^ ^Lp f-Luj .Lalj Lo-^_3 4^a 

ji o'y'yj-i^ji ji o*>LjjIj ^i ji 4_^jijjji oj-a ^Jjjlwvw^ji olll^-wo^/i 

.oLa jJucJl 0 J_A ^Lp J_oJL*j ^j2^>c-Jo ^1 ya oli j^2j jl oL^LCJU*»l 
j»U J-iii .^IjwoJl ^iLo-j (J y>- <2 j Llaj2j>E_> ^j»P j-y*- 3 4 ' j: r'L>tj d-wwM-1 

UlA ^3 4jaJ-i^Jl 4-woJ-*Jl ^Jj'yjJl (1)1 ^J-P 1 )L*j2_3 .^-^-*^>2jLi ^oLojJl j_*j dLLj 

.^LwoJl J _>cJ CO 2 OjL- (_£’H 1J-P J-WO ii^l-X^Jl 

4 -™*d ^1 (^ j^\^A J-LP ^cj^ ja ^P 1 j4 jjLj2JuJ 1 djLLwJl 

^LjJI yj* j_>»jLja ^J^o^p ^_3 4_L>wLJl ^Jl^wL)! (1)j_*_L> ^^j li ^JLlJIjj coLwvo^/l 

.oLi y]\ yl>xjj ^y 3 -^ ^lijJl (1)1 j*£* .yix^A^ 1 
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^ jJ cjl ^y 3 j-g-> d) j-P j- 3-)-4 jl jZs>-^} L> ^j-w2JL>c-oJl d)j 

c Lj>-jJ jjJj j I ( /^s 4djj .A^wJgJi d)li c ^..^-]g.,>- j .^JL*Jl 

j_^Jl jL c_3lI twL^'yi .sUL^M Jjj^J^ j_^P j-JlSdJ 


• )VI 


C5- 5 O* 


ul* 




i (^1 ^js jJLS"l ‘Lwsi’L^ 


.wJ^ ol j-^xS d)!j ^-Sd-wsL^o 
^JLlaJi (Jj-> t <L«^La .S jJLp 4_*_v2-Jj t *Lw«j-Jl oL^>cJl ^JLlaJl ^JjL>c_>j .<CjJ_>cJl 

^jco ^jidJi jiJ-u^i *l*4 ^jJl; m ^j_$dJ! ji 

l^I j - **^ o--oj 4_*_Ul jJ_£ (JljjJ t wLJ^*Jl ^LwJl j^xlj l»J-LPj . ^JLlaJ' 

pLjI j .d) jj jidJl ^JL>cJl 3LyaJLs^Ij c old^jj_SdJl 4^w2_ij c d) jj jidJL <2 j j_LJl 

_ L*j.S aX^jIj j-^1 d)dS" c dlta 

C <Lw^doJl aJwvJwaJI 5 jJL*_U ^jS3\ idJLsljwa ^3 bj>^i d)l clilSd^-j ^ 

ciiJ^ ^J>^-Ji JJjJ j .o>J_>u L» j_a 1 j_A d)i J~^ *J^J-^^dj •* ^jJgJ ^ » 

C (jLio^AJ 4^3jSvJ>cJl |*J>cjLj2j I jJsJJL d)i ^/2J>cJl ( /^Ja-J'ljJl 

(G8 ^ylo-ill JjjJJ ^SjAs>- 4^3 ^3 j . 4_>^_>e_^>Jl >vw>2j ! („) l—-wwJ I ^ ^-^J -3 

jj^ ^*Ju ^Jl*Jl oli ^Lsl JS^w* %>Jl iJU'yi ojLl^wwJl cJjd^ t Summit) 

*l^oJL^J| SjI^j>cJ1 4j>-j^ ^liJjl J_>c_d ^jjLwv^a ^Jl CO 2 oCL*-ol Jwwwiij 
^t^iUAS" cools' L*jjj d)j^dj d)i L^iSd^j c 


;2008 j>Lp LJl^-^l jjo (Penny Wong) ^jj ^ 


(2179)- 


KA*J • I (_j »L»-J 1^ 

4^j>-lxX3l ^^j^->- t oL^oJlj ^IdwoJi ®^dJJ (_5^J 

d)l ^—>0 UlS" ^3 Jj>- 1^ Llaj>- J^o-P d)|^ .‘Lwo^Lp f-Uaj>-! 4 _*_^ai L^3 

(J^J->cJl ^_3 6 J -v^? 1 ■*-] i 0->-X—yg-p-l J-flJ .l^-wO->3 Lw^*jL^3 L^-3j 

*)} L^jI L^-X3 j*~a ( Ju^_3 . l)iJ^L>- LplygJ>~l 

^l*_j ((d) ^-> j_sdJL> jjjw d)ij (_5^^ ^^L-i d) j-j j-^dJi d)i c-3 j_*j 

oj-A cJl jj IwtSd^j .d)jJj-^dJl ^ Ij V - ^ 1 C (_)^^J ^.^dJ! *«. j-dJ I 

^»J Ljj .d)jj^^^ oLw2jj d)jjj^dJL> ci->jlill ( /^p <d-oA>cJl c djL^j t)dj oLa1 

^jj ( J^S" l^-o^>- *2 jj_L> L^jI c_3j-*J d)i d^_l3 C <^lj_^Jl ^3 ^j)L^*j OjJJjJl 0 j_A (j-^ 

ol>- SjjjjJl o^i-A c-oLS" I^}j .d)jjj-^dJl LjLjI ^i^oJlj 4 _LS"Ij ^AJl ^L^JaJL 


_3ljji-l ( ya t ojljj>- oL>-jJ ijJJj J_« c ^l jJ.1 j—*-> 0j^Ji *2->_^J-> o—(2179) 

• jjil ^-^igJ 1 J» Jjjllj i*j£ioLjlvv>»j 
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.^L*JaJl JjL < 43jJo (1)1 Lg-J»*3 C (J^Jj5GL> cL jJjJ 1 (JL>- lJL>- 

d.yg.S ^j_P 4_bj^wvwS l ^ 4 ) 0 ^Jl od& d-O 15 djL) 

^5 JJi .LJl^dJl cJli->- ^1 dol c (Murray-Darling Basin) 

dJljwLuiJl oj j_5s_>cJl ^j-°j t oL^j ^jl d^L* j-^>- y* SjLI *j-^ 1 

y 3 ^ ^Ij c ^Lr~*’ }y~ - l sbj-* y 3 y*~ l** ^bj-^ jb^l 

(_ Jl j-s& y* d)jdialj-*Jl d*_33 LLp jJajJl .(_£ 4JoJ->j ^3 4_4_dJl e-L* 

oU JJLl j .^JwJjl^ _ (^ljj->- ^3 (Jjd> jJa-oJl ^*j>o Lg-jli c (j 

(1)1 (w^_jj-i-Jlj .4 _^j^_5v_>c_] 1 Ja Ja. >- c-i^Vl dJ j—* ^—dJjl^ _ ys>- 

j^xj (1)1 Lgj5L-> 4 j1 (1)^1 ^P-JJ LSLLj ^Jj>- ^j^do 1 d^Lj5d>cJl 

!^JUJ1 £luJl 


^LJI jLJI Js«J 

^l^jMl ^ JjL ^p LpIjJ) LJIp (Trofim Lysenko) jid^J j<1)15 
Lj>-jJ j-^-Jl ^J-jwLdLi Lij-*-vJl ^Lsxj^l 3UL1 ^JaJdu dJl ^PO1 diJ .^Lij_*Ll 

<1)1 ^poI^ .^jLo^/ 1 iij-LJl 1 d)l (1)^-^-P^dJl l$j 3ljl ^Jl <\JL^JaJL 
c LLpjJL 1 j-y^ dwvL <1)15j ,l$5 j-L*j ^3 jl-^j^l ^*3 jjLJl 4_>cJL*_^ 

dJ^ljlj .^iLw»l 4 L*_>jl ^1 L*Lj ^c^aII (Jj^gj>cji ^-liil oLj ^Jad»o ajL> ^>ljj 
^_ dJ iUcJl dv^iJ-oJ Lvwoj <d^*J • <4~L*Jl ^L4 djjJ (1)1 Lgdw*- Lj ji^Jl 

UJlp cJjLdJl djl J^Jl ^ J L/g,>cJ 1 d ) ^ jJ^_U L^3 ^^»sJ 1 

^ ^_ol5j . LaJ 1 (1 ^«Lp) L*w^^“1 l^* 1 1 

jj*>j\Sj >55Jl )) L ^j^JddJl aJIj^JI Lad>-1 ^ j Li 

c aJIj jJl ( /^s jd5Ll c 1940 1934 ^Lp ( /^o ( Jdiij c ®j-LJl 

(Vavilov) ^_ij-Lili J^-jl j .^JL^ Ij^ddo 1 jJ^ol jl 

*^_ij-Lsli ^3^3 j_Llj t 1943 ^»Lp ijldA lpjj>- d->Lj c L>1 

(1)1 J_*_i C dljjJl ^JlP L>L>ol <d*-43^Jj .<dpljjJl ^jLJJ ( /^dJ <do_)315^ Ijjwd 

.((c-ajIjJI 4jj1^>-j^-J1 >%Tp)) -j 1948 ^Lp dd*J 

^Lp V 3jdJJji>- C—>LiSO J-*_ij . j5d*^wj v 3 jdJj^4>- ^t_P3 C ^jLldwO d3j-« J_*_! 

d->l jjLs' c LiJ^ pLj! 0 L 0 J_i j . j5ldLJ yjJ -3 J_4d ^jLJl L^3l5l d—c 1964 

t ^51 *dpl^1 c-3------- 1*- 1 t < -j L 3 1 3 L^o^ 1 t ^3 1 ^^0 1 
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d)l 11965 ^1 p caJIj^JI ^*_Lp jia^>cJl .LiIS” bb-L? 


t'j 


( 2180 )- 


Sjl^Jl H-L9 L»JJP ^Jbi I ^L>c_j^1 ^_3 i^/ / ^ 


apIjjJI ^i ^JJii)l ^ L.U 30 JJi Ji (1)15 ^Lij-wJl ,>L>jMI 
^UcJNl ^ 1977 0 A^S\!^J\ J> dl!i 
^1-LoJlj a_> j^]\ ( 1)1 ^j*a j]\ l*_3 ^ <jJjJj^aJl Uujl5 ^Jl <Lj 5j-w*Jl U-jj15 

4j_ljLow^ 4 _Lj^_L> viols' 4 _>w\_iLojJ1 ( Jwws^?L>c^oJ 1 ^Julio b)l ^1 c<1)L^jL5i>s 

.<ui-oiloj jjsi« <• oj-w23 AJlb^-*-'■^1 JoLJl vio5 c <, j 

5^^ ‘(.^jl a 5^j_o Aj^_3 AjLIj HLow^ 5Lla 

aIU t (Lysenkoism) j5L™J v_-pJl<j aJL ^^Lp j ^/UtJjI ^bjl ^^-LoJl ^JcdJ 

jl-~ 5I ^-w^li .Ajl-LobJ ^3 ^jJjJl QjSj Lo>ci 2 -o jJbJl ^ ^ 3 ^J^-o*)Jl 

^JapI 1)1 J_*_i .iJjuJl aJIjjJI ^j_L*J JjjJl cbb-Jl o'yi bjjjivJl 
^ aJo*J ^Jl Lj>lJ A_bl 1988 j-Jjo / jl^_>j^- (James Hansen) 

(^ ^ IjLll^sOS I ^L>- *Lo-PX_J £_oJ t j_*_J^_A]| 

(Lehman Brothers jL_J JL> ^jAlj jj-^ 3^j t^-AJl LAii 

AJL aJI ijjjj£}\ oUL*A ^3 Ijlj ^jjAl t «-AiL*Jl ^LJI d j*>z}\j (. Holding) 
jAJ <6 j^S) o - * ~. li I jSj . L^j ^_A>Al 4 - SAj A. ]j -1 ^ j^3 ‘L^oJA 

. (Lehman Brothers) 

. (Lehman Brothers Holding) ALjAJl JjS jAJ ZS I^jJU j j .p jlS j 
(Generation Jww>Jl ol Ojbl C ^Aj +/} >JQ) A2L-w^oj_^3 jj_P ^1 J—3j 

co 3 Jj>c^j AiLt aS”^ ojbl ^ j5>p j-a j t Investment Management) 

^LwoJl oL>Uai>- J^P ^iJl bli CoAuLyg-3 vl>Ug.l-o ^5 aJ j 

^t->-j 3bjl JbJ . A^sjj>- o^Lol v_-5ojl Ji (1) J-S^5 CA>cJLo 2 >sj AjbLoJL&l ^^P | /^_L*_) 
C IPCC J- 0 >-j v_3wLA ob APj^^iL J_^P viLb ojl-^-'b 1 A_bwvJwO 

(( 4 ^ 0 ^ j-j-p a-L^Lp)) 3 jj_Jjjfe ^ ^LJ-Jl j^p Jl rtJLJ ji? ^p ca_>Lp3j 

Aj3Lv2-3 1 j La_) J C (jbJ A^OwwvJ 

Lp 

^jJl ^/2-vsi <^ljj A)JJL j-P a^>Lp} 


o^UJ (^_i^L p^ 


-j-o ®^5j-^Jl LsAP^j (An Inconvenient Truth) 

y^JLi j ( 1 ) ^-JLo C(jLloil ^Jp) Aj^)L>c^3 


Helena Sheehan, Marxism and the Philosophy of Science: A Critical History: The First (2180) 
Hundred Years (Atlantic Highlands, NJ: Humanities Press, 1993). 
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4_Ul L&U& S' oIjLx-oVIj j^ jj_SsJL> 5jL>cjJl 2)j 

^iaJl ^ oLj (<^U-wJl _ ^ _ o^Jai) pie-in-the-sky oUl*J*y I 

. <J j ^_1_P «LJ^wa Ojl^jJl jj (J jSsS-^>J C P-^-Jo ^l-*3l 

d)| .1 *}\_)J_*J tw>-HaJo ^_3j>LJ Jw<w2J 'y oJ-^-S" l la la >- 

JU-p|j ©-^ o^L>jl -ill-LA (l)^_^)L^i^ .©^1 J->Jl ^3 

j^jJL> ^LJLU l^^>2; I (4_L>-IjJl) jj 5jj 1)Lo-J aJ" j+*> ‘lLS'LJ 

^a £_s J o j_a ^JJlo ji ^jLaJ Jl ol« ji^>JJ 'y j .ajL^jJI ^j>- 

..+Iglll wbj^Jl coLjj 


f-Uais-'yi oIpO^SJ ^^lll oJj>cJuJl a5sLow<J| ^S\j>zs ( J-*Jj 

(Viscount jjLlijj cJj! j^ ’" ,r (2181) 

J Jo Uaj 


o jJoojJl ( /^o jJ j 


JJ& ^3 4^o«l_xJ I 

^ V>^ (Jjp^ <_$* jjkj t Monckton of Brenchley) 

^3 4j>cJo L^JlS'J c ^JLo a j~*t ^laJ- 35 ^i-oill ^3 (1)1 tt4_ooJJj j^p ajlJsj>-^ ^J-«3 

35 Jl f-Uai'-'yi j^ i ju^yi ji^ tjoi>oi 

.jU>s 34 ^3 A^-lj jJfc Jj>-Ij obxJl ^3 

^jp- Lg_*_^o»>- 4—^v-o j oLo^jl^o J*-wvJ ‘L- s J-jJ 1 0 J_& ^3 ^JlP j 

^>c-Jl ^r.lg.AAi ^jJLwvos d)l jjp ^pj J-A3 .(^ww*>^3 ^o 0 ^aIIs) <Uo>T*Jl d^llLwJl 
^IsUo (_£^)L**woJ 2.5 jJo>cJl l_Jafl.ll J J& C-iLyfij Jl 3 ) L«J»3 20 £- 2j 

^^LfJl Ja-^>c^Jl S'^ t(^l_P 100 (J^i 5 * - 0 ^-^-y2JwoJ 1 oLwoJl 

oljLo jljj^ ^_i_3jJL^A<j (^^L^Jl . Ja ^ >c-^JI ^jJL^s^j j%J) ljj-^Lg_j (1)1 

olwbl^J jljj^ U^LJi) (Thermohaline) 

4 L_>-j^ ^_3 J_j 1 J_)Jl ^_^_JL_) CO2 ^-3 0 ^Lj^_J 1 ) ojl^_>c_Jl A^>-j 5 ^_3 L_pLj 2 _jj 1 CO2 

(Kilimanjaro) jjL^l^-Jii' olJ-L>^ ^j-SLil jljjL^'yi ^jj^j c(ojl J _>Jl 


aT>- p-Ua^- ( 1 —j) p-Ua_?-l ! t-ih_^5sil ^J,l <iLv?yL> t 18 ^3 oljl../g...9 (I) (2181) 

j-A^S (i) p-Ua^-l ! ljL»i OjLL*J| tjl j^> v_^.^^v-i p-Uai>-l <CL^*> ! 7 ^31 5 (J^li*- >»_TajjJl 

LSLxS’jlol <~ j 1 J_i_9 (j) p-Ua^>-l <U—« ! SJbJLjJl <. a_s^l(— a) p-Ua^-l <L*_ijl ! oLwo l,^ .,<? £'-.7 O^ll 

^jjL^vwo £-aSjj p-Ua^-l 4jy\j ; ^jUt-.aI' (j) p-Ua^-l : LJj jJl-S 15" <l?-L^vwo 

j-y*~ (Ja) p-Uia-l j-J-> Oj^Jl J-^51 (^^J oj. ( ^) p-Ua^-l <U_)Lo-> ! I 

oj (.il) p-Uai>-l j^_ujJ 4_*w> i^5j5" Ol (j)JJJ*^ (Jj^jj Ljl>- La-U-j llo ( j-»> 


116 J-J LL^ 10000 (Svante Arrhenius) ^ j-^jl ^^>-1 (J) *lki>-l 4_^>- : ^pLs^I 1PCC Jl 

• P-llaj»-l <L*jjI CO 2 • AOS ’LvJ < ul>w-u| 0 Js- 'j 0 jl A>-j5 l)I C <C-~« 
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-L*VI A-L>o5-Lo oNj_>o ol j-^kj o-Lv^*-) 

cl)}) ^LJLj o^3 oLwoJl ^j-X-^a j_^Jl jld)lj t (o>L>L*Jl 

o-^»j ®Lj^j15® j l^g.p 1 ol5j c (^La^o o j*> c_i LajL>- 4pIj^JI^ pLoJI ^1^>cJo»l S-OXi 

jly^/l ^Jl jlj5uJl iLIi i!j>^ ^Ij^-I N) ^j^l jl 

o)l*Jl ^LjJl 0 -L 3 ) j-Jj>cJl ^UxjI JjUj ‘xJiii.il ojjJl Oj-oJj 

jl(bleach) (^>c-Jl J—L>- L^3 jO 2)15 oiaj-a ^3 oJa3 oo 4 *jjI 

.(1998 flp ^ oUU-^Jl ®Jl» ^io) oUl>^oJl ^5^ 


-La 


^3 J jl-LxJJ 4 -o5^\-o 5-flJ 

45\J>c->/2-o 4oLw-s^ 5 *UfiJ>“l <lL53 ^*P 0 >Lp^>cj 40Ls Ool5J C 0 J->OoJl 45 CLo-oJI 

C JJ-JJ (JwL; C (JljLo-Jl ^j_Lp C ) 0-L&3 

-Ls j .I-lS2_& 4_<>-jLaJI jjo-jj c (1)^L>-j l^-y 2 jju (Tsetse) ^-oooxJl oLo ojj_v^j 


4oJl>- J KjjP Jl» J) 3 JjL>- J *Jl (1)U jJl J^pl 

^-woLJ ( Ju>^_> oJjL>- ^jw* jJ o^jL ^>ojjjJl oh^Jj-Ji 2)l5j • IPCC —Uj 

. oli^p 

iU> LJLp 35 lg_o5 -lUj cJLp 2500 l*o5 U^jU: <1)1 IPCC 
^ .v—3^ _ <0?*-Lw<»J! ^jI^—XJ l ^ ^ 3 —X.> —^ J ^ l——X3^ • 1 3 —\-P 1 _^j ^ ^ 

L*_>^-*> ‘OaiL^JI ^-ygj>cJ' olp y**~> 0-*-o^ (1/^ ^c-Q-> iilx& 

C oJ_jJ_P ( /j_5Lal ^_9 j C oj-^5 o^3 ^Lkpj ^UwoJl j —oJ Ja_>&Jl 

jl-O? c5^-)j>c_Xj 2)1 ^^Lwwk' ^^o-> .o^aiL^vJI o^5jl d)jl jj Uapl 

0>Ulyg,.^llJ oLl>cJ| ^jJ |t5j ,4 »Lw 5J 3L*-« 4j} OP (JLaj (1)1 43J->cJ J-^Jl 

o—w^^Ljj c ^_jj_5Ui jijjo-'yi ^ijjLj'yi i_>j*!>CoJij ^- 0 —^ 1 ^—*Jij 

.^Ljl £-0 ^JwolxXiJ ol>cjl oL^j»j 0 jZS olil j2>j j*j 

(_J 0 l— i 1 —L -> "* 5 1 1 ^ J ■<>■—'j Vwj ^1 - A — • £ 4j 1 -^»i^J 1 („) } 

iilj-A t (^jL^jj j-L?^-^1 (1)1 i^^'^’i C>- A t)^5j t o^L^wvJl oL^^a»^>J1 

c ^jJ>-! o>_L p o>NL>c_>s ^j~o ^J^N-lJI d)j_Oj jl (1)jJ^L>cJo p. ^ j}j .^jOsljo L>> 

(Jj^w2J>tJj C Ol?lJ>“ oLx 3^xJl L^3 (1)4ll«l OjjCj jl (1 )^XaI>Oj 

^s-^Jlj ( J^J-\Jl tA5 2)}j .L>-^j_l_*Jl (1)j-L?-j^-)j c (1) 

1 j-^5 oLWl j5j j*-> (jUJ j>ejj c 0 ^^5 ojIp 3 oil jo5^>cJl L55Uj c C^Lw*il 

. ^_^- > s-^l 1—^3^->*-\_;} ^3_P (J Lo-P 1 ^ j-C a I^o5 (j} 
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4jllSvj J»*_> j ja\ ^y* ^lp ‘W? j^J5-a aIsl^^j (J^1^*-J CjI jL*_Jlu 

<uJLJ2->iJ 1 A C <^JLJiS ><Jl /> jJ^JL) j5C-w«-J l (_£ ^5" 4_ol_v2J31J 

^-L*Jl ^jLlSl-Oj ( J_> j j_9 ^j_Lp t Jl^Jl ^J-p) ^j_L*Jl oL*-Aj5j d)j 

4-wv/2i (_5^i f j_a ^y^jj .oL^JLJj d)lj^o! (ccJLloJI *> ^_Lp) 

t j_L*_D oL^LvaJL^-^ 1 4_lj>-l JjLoJlJ 4_LaLSC)LoJl 4_^wJaJi ^J^aL>c_j ^_A t oJ->-lj 

C ^LwoJi j^XJ .0^>-lj *lJ_o»PJ oJj>-Ij 0 j^JL) *~.A)\ Jojjj ii JaL>J j 

^3 jj *JL*«*o^ I LoJu I 

o-a tajj .oULo 0->^-l ^a jjj^o-5Gl l)|j c 4^w<>-L*Jl oUUl ^J^L>sjJ 

d)li c t- ^S> Li Ij U1 i 3 jILxj i 3 *• ** 9 1-S" Lo-> ‘-I^LjLwJ I ^iLo-) 

4_*^j>c^j Lg^3 oUUl I)^S\J s^laLlJI ^^J»p aS^ ^-Uajo *y jJ^^o-SsJl 

. A*j ^sJil? <—3j jJ^ ^3 LoIJ-^3 

Lo->I^ c^»jLwvw«>J I t ^^JwoJl A3.} (^-UaJo *y 

d)l jjuo c ^3l^Jl_j .d- , Lw*»L^Jl^ LJa_>-I l_Aj 4 '-^ > =-s^ ? 
( /j_P OwL^*_i ^1 ‘tUL'SLa <^j\SLa ^3 oJjIj aJLJs? ( Jw* 3 jj yyy±£S\ 

^wo->cJ j-o-> d j-X.+b-'Z-'-y ^ -gi J1 ^oUjJI ^_*_v2>lj ^PwLjj . Aj2-JL>cJ| (l)|j-^J 

^3 j_^P C Ol^Js -Ljo ^LwoJl ^3 jjJ ^5 (_5^ 

^_Lp ^iLkU ( Jw-5jJl ^j_p ^iS^ ^'y cJL>&Jl 

^3 ^ j-> ^ LoJu (1) j^v-> j-« 4» UJI (1) li . W j-^o ■^i )} J-^J 

ji J*>i\ <pLw? Cjj_>-I (^jLS* (1)1 cl)j-x^JgJLwso L ( J^lLwvw<>JI 

^oLojJl ^j~SLxj J_3j .4jjj>cjJlj ^UJL (jlwLwoJl ^3 ^Jj^yi oULsJl ^w^j>o jj£ 
4^^-wJaJl oLU-Jl yJ&xSu Ul^>- Lyg-jl jJ L^JwSUj c^> aJ^Lwvo 

j-i-^1 iol^o^l A3^>t^Jl 1 -v^jI 1-i-A ^ySLxj Jij C L^X3 ^j 

{The War of the Worlds) rV>i J! ^-i 

jjjJL^JI jl t j_— jJ-aJI J---*-; l jjslJ~ ^-^Li j*S (H. G. Well) J_>j J 

jJuj j j— jj) ^oJ jj j . 1938 j>Lp /J j'bH j-Lj 30 ^ (Halloween) 

: y ./?j j_*j jji t^yjL t (Orson Welles) 


Orrin H. Pilkey and Linda Pilkey-Jarvis, Useless Arithmetic: Why Environmental Scientists (2182) 
Can’t Predict the Future (New York: Columbia University Press, 2007). 
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| 1 ^Jmi w\j 1 


( /^s j*ZS aSJ-v^j .«jj-oli 


Of-j-Lo-* A~s/2-3 ^IjwoJl (jli .L^pjjl oc cJ^->cJl ^jJ»Pj A^*-~Jg.Il 

^J-f- -ki-J> Jj <.^_™>J> j-^-i p-L? £j-^' '-*-$_> L^L-»-J 

^LwoJl j^Z <^Ji9L>c«oJ I 4 J IS" jSL*z~a oLw*>Lww*i ^ljo ^SvJ |*JL*Jl j-^p j_SC>«Jl 
(_£ ^JL^vwoJ I j_j d)l d)^J-j ^jJiLfljJl ^ZjLjj . aJ L» j-Z»-) *y ^J-Jl 


olj^l 


a* 


(1)1 'yj C U^J> ^ J.^-A>3 ^IjwoJl j^xZ (1)1 J . ^O-LxJl 

.(l)L^u^/l ^ys jS jl jZ>~ 1 dJjwLs^ Lf (l)LpA jwL_o2j ^-*j1 j£ 

& ^_y ^Z ^ o^»*»*S' 1^1 ^^*»*j 1 ^ A^.^* J^ . l 1 Ol l ^^L»w^ ^ 3 ^p wX^iJ 

J-L?^_L*Jl 1)| ^^Jl jl j^\ ^ .jJ^-^ wo-^Jl ^-^Loj Ap*c_v 2 jl^1 

^*_Lp J_L? jZ blj .A^wJaJ 1 ^jS' J_>j-oJl iJl-LA All ^L*_> lJ_&j 

c ^LwoJl <-l^L>c_>l ^o-> ^Jl t u>-L>- t d)Lwvu^y 1 ^ JJl ^-SvJl jl j^j>-*)} 1 

AjL3 LJI$j jLm^J j-f'yi Zj&jZ l^}j .A^ji^Jl CjLJ^Ij_3j j*->J ^-^oJl 
< cSL<±j ^«1 iiLwA C d->l ^-^-*1 ^-w»» J5 <-J3S'\*J2Zj A3. LoJ»P ^-vwJ 

j*S* AjL^3jJl ^jJuJl j_^Jl jl^1 AS" y>- ^Jw^Lp-cJo j .LoL^j (l)^5L>j (1)1 

pLj^w^JIj cLLLaJI <• L^>-jJj-^>cJl t ^L5L!l 1 J_a Lo-S” <. 1_*_jLjJ1 

^ yj& 0 ^^ ^ c Ij ^ l 1-^.l ^ l 1 1 3 1^^ • 1 

L^pJj 'y _jl^yi ISj^— (1)U c L^-J-p (_53Lv2^oJl 

^^J-P (J^-S Ol^jJ ( ySi^jj j_l_*Jl A^>c.^_La 4^3 C^lla_P L)a| 

Aa 1-^\»^ (_)L)1 ^P ^«-Lp ^^Lp t_) L^«vO! Aa-<«a»»iO ^ ^ j 1 l^y **1 Ap1^"L^<^ 

.1 ^A3 ^1 f-1 ^fljjJl J^j>cjj AiUaJl A^L^. »._3 j^>cj cJJ-^J C lwb>“ 

d)li c ^LwoJl ^3 CO 2 jjl L*1 .^>2^>Jl Jlj ^-^1 <zj*^hS^zz~a ^jwAL>c_> N 

j_^_AJLU ol ^->cJl J-A CO 2 —U ( /^>5 4_L5v_*X^3 J J-*/?->- ^JwoJ ^^X-yg-ll ^Ju>cJl 

•"■lP lH 


d)l_3 .JjNjJIj J^_*JLj j_^Jl 


-Nl J-P f LJl ^LUl 




«//2 Nature’s Infinite Book of Secrecy, A Little I Can Read.» (Soothsayer in Antony and (2183) 
Cleopatra 1.2, 9-10; William Shakespeare (1564-1616 AD). 
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01 jj c_5^" ^ j-^-^ 3 iS ^JwoJi oloJL*J 

J*S* ^Jww^jDlU iS'^ a dloJlj 43j _^*-oJl J^-^^l ^3 -Aj J . 4-o jj^aJJ 4_>Lp3 ( j^s 

p-f 3 i_rH 3 J-^ 1>^ J -S-^ • i '-^- s> ' cy Jc^ 3 J-^J •t_r p J-‘ i J- < 3 

^-P Jj ^Jl . C_i_L? I j_*J I ^j_) 4j^y ^LilP^yi jjjLj-xJ ^..^-oJg.-*-^J t^_>j_AJj 

.L^-yg-sj jl L^_L&lj>tj aaJL>e-oJ 1 ^Jo'y-jl Lai c apaJ^-LL a 3lJLxp*yi 

.a^oJ»p <u>A5” o_~Jj t <u-^Lw^j 4_jwO <u>A5” KjLpjJ jl 3 Lop1)) <L*lSy 


4_pLlaJI y-t 3Lajlp1 (1)L*-*u^M 


^JJI ^j^Jl jljl 

0 ^oL-oJl oljLSLpJl ^Jg_*_> UjIj c Loo c_a_L5sj ^1 c ^LJL)I OjSj it-j^Lo-lL* 

Lwo_> d)«j-u^-LoJl^ 4_> Jj j ^3 aj>- I j iil-L&j .J 2 JL 9 4^3 *}\j>-*y I 4 ^ 3 ^-aJJ 
£j|jjJl ^jji La 2_*_>J C 4_>lwL>- 4_AA_vg ^ J_Aj lj_Aj C ^ .g. 5 Lla-g-j/ 

t jio ^<Jlp dDS ^^Jlp 3jJI iijL^J ^j-Ss-o^ 'yj t L^o-p jJ 4_>SL5CJ1 

^jLftP^/l ^3 ^Lo (jl 4-u J-V 2 JI jl jJ 4_P J->- ^3 A~4 *}LpJ Ojj ^oJ 0~~J j 

.OlOJl 

j& jLu^l ^ jJl ^ j^Jl jl1 ® y^ jls l L ^&j>-jy L^jl j&\ |t-pj 

Lo ^_Aj 4_woj_*Jl ^Jj'yjJl j^>c3 (J^" jl jp-kOgj ^ ^j»o J-Aj jUg-O ^j*a twJg-*-L) 
jU jJJJJ J Cjl^^Ml ^1 p 0 Lv»a Oo3_*_! 4_*3^0>J 1 4_o jL$Dl ^jloJl ^Jl AiLvg^/L 
. 4_>- ^O ^ 1 4_I_A jfc-* ^jw^cJLvw-^j 1 j ^_5s^-w*i ^j-pj 1 ^3 ^pJLw^j 31 ^ 1 0 l>c_> 1 

jjij ^jj ojjl^vJi ^^'yi 3j_s^Ji 4_iUg 4 _pLws^ ju^'yi ji c^•-^yij 

^-Ss-P—> 4j^L^-jJjjJ^J ^1 4 _Aj^ 3 jw& ^vwJ 3| C L^-wsj ^ 

l L^Jlp 1 JwoJl*^3 c <c-^pJ 43 Ug jjijj L^jlLl^Ij_j j^>jLs-vJ jl ^pI^aJI cjL 3 1^,3 j'j 


. Jj Jj>cjdJ 4jjli 


J 




C AA Jg. j 


J 


C L^ol^j ^^j-p 03jLj jj iJL^Jl ^Jl 4iUaJl j3JJ 0 J ,3 jjj 

^J-p ^<>o>s-pJl jL>-l jjL>cJ Jl oL5 ^j>- jV Ju (w^-LIaJlj 0-^*0 

4^j>-lJ ( /^s o3J->OpJl 43 U 2 JI j| . L^-j_P OpJL*_> AiiSjJl oJlp 43Ug ^Ijj 

c_5^^ j^-lg-«-l 1 0 ^-OS" 3^_AP ^lo>c_) L^5jj 0 jOloj C 4j^o*j (_£ 

pL> j-^_Sj!l j| t jljLoJl ^_L*3 .oLJJaJl 4_^jjJ ^ ^ j^T^ 6 

( jja ^cJU_> jl^j N C 0 Jj>OpJl 4_5jwPwoJl ^3 2000 L&3J-PJ ^Ijj 0>ljwOj o jJ^-<jl 
iiLwAj . ^_>t>eJl 4ja-^i ^X>S oJj>-lj f-L j-^y 4jgJ>c^ ( /^S 4j>cOpJl jiJj ^jA ^Jl3 1 OjL> 1 
LoUaj j_; ^3 4_>j ^-jl 4_iLiaJl y\ c jL^Jl jl ^3 >c_aJIj f-L j~^ y^ ^ 3J>x -^ s 50 
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( J^I a2>L Jl! yj ^L>J"^ y jls C LjJl <—Jy-^ ^ ^^Jl 

. ‘Lyy < ..o,ygJI ^>J 

c A 3 Q 2 JI ^y2j3j ^‘J •Cjl_olygJ9 V1 ^voj>cJ A^*a»Lw*iI A_yg.^>-jJl 0 j3y~d I A3lUl (jj 

^1p Lftj_>-lJ ^x)I j^-^Vl (^y 3 1 j~~* ^1 • 0 y^^-^y 1^o*j * (JJ ^-w2-^a> 

.O^yP^-yA J*S* (j y^-> ‘-^ jl L^-J->cj ^_i_P VS J wL3 L^_j l-^J 

C->Lo-SJ>sJI oJjjj CJ>IjL*wO V 1 ojL>oj (. Ag-jjJLjl 0j_>^J| 1 _Jl 

^jA 0 J^S OL»5 Ojljg*c» aJL* oLv-^ij^ 4_*_y2_) J oL* j^JJl { ^J>C^Ay (OL j^.ygJ I 

V JUl IJ&j ^ a-*-^*>IjJI a*jj+Jl U L>-*!)^*-^ oliU-oVl 0 jl>J ^w2iw*ij <. ^_^_*-jJl cJLs 
c A_*-j<Vl <JLJ| ( /^s j|jJLa ^1 to^*j cj^J ^JJl j~-*a ^Ja^o 

Lu^xSsxjI ^cjLL s^^ cjL lg-^-c^oJI IjLo^ ^^g^Vl (. ^**^y*Jl J^L^j 

.^A3l ^Ul ^.kxA ( Jl*_><Jj C ^j^a*Jl oUl*-oVl Ojl>cJ 

(^£jJl _jl ^)g>-Vl (J^J>- ^a^Lw^J! Ja^-ygJ I (jli t ^UlXpl (jlS" J-^g 3 

SiliaJl Jlp ^JUl ^JlUI <jV cLpL>I li^oJ VI ^jl>J V oLJVl <J^ 

C AJL^*_Jl (_£ yL~*A (1)1 aSUaD 5 ^3 ^J^S" JI ^y2^JL>sA i)\y . ^AZ>cJ 

A 3 LUJ aJL*_aJI j^Lyg^oJl .cjL ajiJJl ^3 jl^j-pj LaJ-3 jU Jj>c^w^ j 

•iSJ j-Jl jlla JLjVIj c oLw<Jl Jg-sL^s *L> j-^j <• ■ Ja.^9 jjl>-VI jVI 

A_iUaJl 0 j_5sjj ^j->-l j3>Lyg->3 AiUaJl iwi-JL5sJ ^Jza^xZ ^s>-y 

^JLJLj c A_ia>c-oJ! AgxI^L^i AiUaJl ^Jl3I 0 jJ j^j £_>L ^la f-ljwJ Ai^x^yaJl 

.^a^-J| (_5’^' A3lig j^Ly2^s U 1 ^jL>^l Alls 

a>jIaJ| ajLLScJIj AiUgJl jl^.1 j jLju-I ^3 LpliJJl oVl LJ| 

^ ,- yg Ly~) i ^3 A^^*i l«s»w** I 0^ j ^ miwU ^ pg 1 0^ ^ w\»o ^ . A^«vw^*-y»U 

^ j^l J™51 y 200 ppmv j .aJUJI *|jjJl jl*-^l 

Al5Cy>>3 ?•! j.yg->cJl Oj J^Jl (jli C A^J-Pj .^jjJl J-o-J Lo 1 ._ CLiyy C ^^_3V-*Ji 

j 1 1000 ppmv ^Ju lilj 1 385 ppmv £-)L-» jVl ^j-^Jl C0 2 Jl jV 
c_3j_*_J JjIj .CjUIj-^>JJ (_^^l <-!->Jj>tJ (j-lj (_5^ Jj-& 

AlP i2j|j->-V^ ^ICoVl ^3 j} *Up|jj «L^>-Ij>“J <lJ y*J ^3 C0 2 JV 

^_1_p cJ^_yg_>J_] ^j^gjVI ^_1 _p ^Ul ^_3LSJ . 1000 ppmv C0 2 y^- 3 


C0 2 J 


c-!j_J! a_pI 


'JJ cJ^J^ 


J y\ j-ojJl lJ> 


o jli (. <l J-pj t Cy^y j 4 ^ 


. A.J V->“l A~y23 
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j\ bj (l)LwvO^/l ^jj| ^ j5j| jl^^“*^1 (£ ^Jg-*^3 (1)} 

j\ t AJgd~*> JjJJJL^vo ^3 ^jUg^/l Ijjfc ^3 Lwag^J> j+ZSii I Ij Ji ^ jl 

jl IjJ ( Jws3 J_3 J .A_ygjL*_oJ| ^-Ij^l £^3 A-ojJj>- ^l~^'-*-*’l jl t ^pLo-g- ^\j 
j .L^jLs^jL*-* OjJj>cJI ^y*y <■ a->( jLwvo^fl (_£jJl j_$jll jl^ig-jll a_> jJg_> 

jlr 5 * *y I ( /^P AOLygJ A^P J*a lyg-yg-3 ^JJL jl jjJ-> ^-~/2_^_> 

pU>Jw*JI jl_j ^ aj^J gjJl jjL> pLo-L*J LpLo->-j iil-LA jj jl^ ojl^»L> l^J jlJL_9 

^^3 iilLk . ]gJ jl <zj 15^~^J ^*3 Aj ^-> 3Jl !»$-> y*^ jJl 

^Jj A_g-j-oJl ^^j>c_^JL>J .AjA^-jJjj A_o j\JLp c—’Lw^j'y (1)j_Sj J-3 «LygjL*-oJl jL> 

‘•yr-'A" yr - J-A u-° J-^ J? £ Jj oli (.^jUj 

jLw*uj/l A^g-dw^ aJjLS" ^p ^LwoJl pLo-Lp dgL*_3jj jlJL> ^ 

j«»_p oLoJg-L-o^l \j oL» j_5vj>cJIj t ^Jj SjL>cJwoJl ^^jLj j_>cJo Ag*Jg_La 

jl^g-j/I aJjIS" 1 ^xS" o^Jl ^1 >sjVI oloJadwAj t(NGOs) 4 ^j j5j>Jl 

‘L^.Lyg-S *y I <^_g“J t ^J_>cjJl J t^^L^yvJl ^ULoJl Ag~ j_g_> oj. J • ‘W 5 j -JjLoJi J_^j| 
t A»v2 ^-JJl ^jwoJl £-Loj_P ^_-JLS" jL^Jol ^_A do»jj 4 '-wo«_L*_)l A_lg_L*.^-l 1^ 

.oLg-cJl ^Jjj-oJj ^L-Jl JagxJlj to Jl 


^y j y~^'y tIPCC 4 '-<iJjwoJl d->ljLJ^a 

jl U .^j->t_) ^JL^Jl jl jJ-o j/ t a^j j_Sj>cJl oLL-j t ^UJlj t ^-LwoJl 

Jla 3 .jJJi j-a IPCC oULo Ajj-J ^JJl jl tli^Vl jLS” ^j^lgJl j^iJl 

j_a/2_*_JI J-*_j JjVI j jji Jl j-A jL5j 11^1 ^jl>Ij IjI^ jLg-l jjj_j^*_]| jj-^-ll j-frJgl 
jL5 tIPCC ^Lijl .li^l j j-^j aJI t j-g-LLs ^^s-Ls t^Jw2Jl (^J-J->cJl 

^_3 o.ijj ^j-g-j C^_Lo J-J->cJl ^_J olJLo jl | t 1998 ^Lp ^j-yi ^-Jl-*-ll 

jl t jLoJ _^-^l l-v2-p® c^_l5G>-jj .SjI^_> cJl 4g-j^ ^_3 LpLajjI CO 2 —l! 

.^Jgg-cJL CJoJ->Jl jl^^l C-Jgtg-J t ^CSxlJ Jg-^jJl Jj-yggJl jl^Ig-l ( J^C>0 

^3 jl I ^ y^T y t^JJgJo AjI jLyvU^/l A-^wvO (^jJl ^ I jl ^Jwg-^yi Aj 

t a Ja. ii jwJgjwA jjj tf-ijjL^'yi Jg. g- j jj ^j_>cJi ^_i*>\jji j^J-^i 

. jJJAs" ^-*-J y^^ ^ cj^° A^uwyI jLo^s'yi^ 


^Lp ^_j_g-^ 1976 ^»Lp j_l>3 C0 2 j SjI^_> c_Jl A_g>-j^ j—° -^-*^ -Js_> 1 

jL-jJ ,]g-A3 ^’j-ll ^j_*j jl LwJ^ 3 t jl L-^y« Jgjl^Jl ^y • 1998 

jl ^JLg-jl I A_> ^Jg-j j ^o-PwL j ^j_> jJl dill jl J .ojl ^_>cJl A^>- j^y CO2 ^j-° ds t)jp ^ jl 
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^j~«J' jl<1)15 bLJ IjJdb jl N OL-JNI t \— www_j ^jJl ^j_5CJl 

dUljw& (l)j^J (1)1 (jjJjJ C (1)^1 ( /jJJ li5 ^Jg-*jjJl jj_v2_*Jl jljJj>-lj ^jL ay jJlj 

1860 ^»Lp SjI js >cJl dobjl bLJ 2)1 ^.-^-‘«5b>w> Ll-b ^3 


;lj C1890 ^Jl 1875 A 


Ip 


dr" 


r 5 


1875 ^1 


,1941 flp LSwLIj* 


c 1918 j»lp 


C1903 (>Lp 

^jj3 j-JI ^}->j- 1LJ| (1) j-dl I 4 j 1J-> ^3 OjljJLj jl (J J_*_>3 (1)15 bLJ I J_LwJ (1)1 
C ^jgsjJl dlb ^3 (l)L*o)/l ( Jw«3 ^>S LoJl CO 2 oUbJ {jA ^S >jJl ^^J-P tj'Vl 
*y c LJLJl LjJajJl • 1998 ^Lp jsa .il yj\ JLl& d)l5 bLJ IjJw^o d)l 

.4*wJJl ^P A^JgJL d)jjbJl ^LJl (1)j_*-Slwb ^-gjl o>tP 

obJl (3 L^jJI l 3jbJl c -- ) j-L LJl LblJl 0 j5djJl < ’LxSdJ 1 I5 j& Ll> *y 

c 4-wvoLJlj c <^LoJlj c LiLUl ^3 I)j_sLJ (JjJLll Llj ^y LoJ c 4_^jLJ1j 

1 bj-p ^jj>o (1)1 0 jbo ’Lx^CJ 1 I Nj .LoJ-*-Jlj LoI-lJI ^jlj^oJlj 

•y ^5Jl jbJl d)l j-^p a^_>- jJ j_» jJ LJUl ^JLJI ^3 ^j-^ljJl ^*0 

(1)j_>j_^Jl jl^ 5I ^JJl ^»LJl j-^pj Jg^j 4 j>c_j 1 j J (1)jJ 

^Lp oLgJl 4g>-jl t 'J5j ^ (5J~Jl J>L*Jl ^3 (_£^Jl jlp y-&y t Uj-b 


Jb_^_J CO? obLJl 




JJgJo t 


.oLjJi (s-U-p j_^_ 3 c^^yi 
^Lp Sj^LiJl b^_^_>c_^Jl oLuL^Jl 4_vgb>oj) j_v2j>cJl objl-^Jl »5iJj5j c^jj_v 2Jl 
c ^_£-dp oLw>cJl ^jLpwLII (^j^-yg-1' ^^5^4^1 t '-5^o-p 

^Jwws^b>c_>j ^-0 4 ^si>b>Jl b>Lp 35 _Jl JM5- CO? J-^5jJ ^3 ( Jl-J_vsJI ^LiJjNl ^Ij 

.(385 ppmv ^Jl 325 ppmv ja ) ^jr>Jl 

4_J.Ld ^j-SCJl jljjL^-'yi j_p a i iSLw& cibL5j M} M 

^J^-Pj t A3ld? 4Jgg*c-a ^3 AbJj>- j ^Ja; C (j^j^-dbJl 

^• H 2 C t CO 2 ^3 d oA^blwoJl ^<>Jl 0 y>x-)')1 1 

CO 2 (l)b 4_*jLd5l 0j-lgjJ 1 ^_pjJ <Lo^oJl ij\sy\ ^-yg-LP f-LoJl jb>c_> ^Jg_S 
J-JjJ Alggx^J i)yJ^3 c <^-^>c3 ojj-s^ 5 o5-& O-w^wJj (J^-9 ^^b 

( /^P 4-yg-3 (JjJUj LsJ-lPj .ob lLo IjjbdoJo 00 jJ_i] 1 

(Jb>cJ oUgjJ ^y c (l)^jj5bJl XbJl (1 )L>j3 j' JI ^*r ]g « ai ^ ^ kA 

Jg3bvJl<)Jl ^bll jlwLa^j ^J ’(^ (w5gja.Il 4>bg ( /^js (w^*-*^Jj AjwLJj>- 

^Jg-^j jJLws^a (3 j5 C jbjs'yi b'yb OjJ-fl^oJlj (wJg-flJl oL«_Aj ^0 (_5^^ 
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(Calving) J-Jj>cJI oIjJLs d)l oL«j-L*-* ^y *y j <.jj>c-Jl 

jLo-s'yi Clg Ugg>-*^Cs d)l j*o IjlJJLs ^jj c d)jl y aJL>- ^3 t Lo~& ^bJl Jg^L^Uo 

^j-wJ oLs(_£jj C C-jiiSvJo A^Jg-dJl J-Jj>cJl ^jLivg (j) U (JjJ2j A^PIjJg-yg^ 1 

( J^ ^1 c <_3^/1 (J^ uu>lJ-> a^L^»*J <LoLgjJl 4j>c-jcJl jj& j_U_>cJ! d)l 

3^3^ji oL^vo^yi (JLo-x^a»i 

^1 ^>1 

c ( j_>jJL> l_pj_sJ_>3 c-djJl t-iU-s ^_3 ^u^>~y\ jLS' *Jl ojJj LsJ_lp 

|*_L*Jl ^c-yg-3J .Ol-DL> ^LoJL&'yi £_3l.5j C t^-3 y^2Ji}\j C ^-yg-XlJ'J C^L^L^Jlj 

c aj jj>cjJl ^ ^»L*Jl (^1 ^Jl ^Uj>-I «. ajj c d)j ^<iy. (_5^1 ®j-J-JLp® 

d)|j . AllJl*Jlj t (, Sj tjl^ScJL A33U^<Jlj t^UJlj t Ajgg-*>Cjlj l c^>L-*->Jlj 

.lw\jwL>“ ^lp 1^) ^LoJ>-j ^J-P A>- ^Ujl 


^1 |*J-P („£ J* t ^Jj>c_> A*wO-L*Jl t L->c_^_L^Jl U 

C ^^Jl _jl^Ug*-^ 1 ^Jw*Jo ^Lo^-| .^aaiL-^a* ^J-P ‘-^5”^-''-^ LowOwvg^J 

.^j-s^LJl ^*JuJl e-UgJLJl -Up JgJls 

j^Ji jijju>-*yi (i)|j .o'yi j-*_> a^-a»Lw*iI ojLi ‘Lwo^LxJi ajl-a>cJi ol jJwo *y 
1)1 AP(JjL>o (-1—w»- C t-iU-S ^J-P ‘■Ug-lj (JllUa (_£ J^~S\ JgL*ijJl ^L-Lw-o (_£-Ul 
a^-aiL_^-JI *l-pL<>->cJI ^^1p (_5^^ -Xj-)j>- ^Llaj c A^*'Lw^'yi ^wL^_> 

^>3 ^LiLP-'yi (1)| 3) t ^Llgj j> jJuJl I 1^ 

A3 L A-^-aij-oJI A^AgiJl ^w2J ^J~^~J 

LiJ 1 ‘’j ^Lo->-l ^Laxp'I/I I-L& jJL vjj 

^ y>-\ ^ISjj o-A^>cJLo-Jl ^ a^LJ 4 _*_jLJI IPCC ^_L-jLaj ^>Lp ^Lo-g^l 

® ^ I Lvg_p)) do L5" 13 li . (1) NI j_*_j *y ^ji^JL>tJ I I (1) I j wLo c aj jJg_L-*> 

jtS'j <LoLv 2J>“| jJg A^^JLp OjI^ g*- A^>-j3 C (1 )LoJ 


.^Uj>-I iilUA 


N UUg 






cj'yi £_—Jo ‘LwJg-A.Il J»Jg>cJl ^jLLs^? (1)1 4^oJ_*J| CjL^j>cJ| ( /^s A^j>- CU_Uo 

^ oULJl o-l> 0^ aJ-&1>o ^Sj l^-^_3 <. ^ l^J-P j&Sy A^Jg_flJl A-ojJl (1)1 jl 

^I jwoJl ol d)L-jJ ^^UwJgJl f-Lvg-aJi ^Lo-i-p <^Sy L«-a j-p jl (^^ -> 


1 U-j! 


LoA5 


. CO2 oCL*«ol 'y j_j *l^-wo-a^J 1 ollgLlJl a s 
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I(1) f-*)JJ-&J .4-JLJI A^jwLflJl ^ ^c^-J 
l£^ o^J J^ 2 -^ 1 4 ^Lo-a-J iJU-A jj_S\_> d)l 3 j_>c_^jj ,(^lj *^- 5 

^^-L*Jl ^C-> jL> . ^JJLp d)^J-> 4 ^Jf-L-vwoJl ^>C)LJ| ^O^<>jj| ^_v2_) 4 P-^d 

^J-P J-^a-cJ I J LdJ I (1) . IJ-P ^-9 1 4 j jJajJ I ^ I ® IdJ I ^-<dJ I ® (j I 

^3 ^»Lp (1)j—La 65 ^jVl ^J-va L^Ssj j5 d)L ^pJJ ^)Jl 4_*JldJl oj^LaJl diJj 

• I j Lo '-^ ^ ^ ^-<2 j I ^ | 31 9 4 L . - l . - . ‘ i — I 

j-A d-d_P 4_a_JL>- 3 Jj>eJ ^-Ld *Lo-Lp ^j-« dalj-val t L^JLp J_a -jj (JJ—a- |t-L*Jl 
! OLjVI 4_w-**u ^jJl ^_^Jl jl^da-^l L«L<>-> Ij_a^ . Lo-Lp c 

^j>cj ^^Lft ^JJL 5L-& cl) jSL^i 4 dal 0 J-P ^lo-a-^ll 4aL^Ja (^LLa-j J.*—3 .4 _*^»Lww*» 

^L~Jl Ja^-yaJi da Ip^» a>c-a c dlta f-Lul d)l LJlpj .d-adL>cJl ^j_L*Jl 

Jj_aJL jj^Jo d)l da-^ (1)15 15 4adL& 43 j jp^a .JaJajaS' <-_3^)J 1 4^oJ-*Jl j-^P 

e-*)I j-A ^jJ?-*-) J_3j .d)L—so^M ^-d^a (j-° ®j-^Da ^aj5sJl jl^da-^l d)| 

d5—*-oJ 1 *dadlacJl (^£Jj>lj t+Sj LaJdPj .^djJl ^LdP^I ^c_j da ^Lp ^^-LxJl *L-UJl 
o j^a.l.) Jddac-oJI d)^-v^jL*-$Jl ^Lo-LxJl c (IPCC 4 4a^Jaa (^1) 

^1 t (1)J_^0-4 j jl (. ^jSL i I jl^ 'y 1 j_sjJaJLd -L^o i^_34 jL^Nlj OwL^a_*Jl 
aJ jjJl oj_i (1)c L^_aJL>o jl ^^ j 1 ^Jj>cSJ olfl jJl^3 

(1)^j->jJl cii^Jjl .A-wJLkJl O^lj^y 4^2_kLw* AAj jla-i DLa*-lj 4 ^_£jlwL&l 

^ y/J |_1 L»W& ^ 4 l— aJ 1 1 ^ 4 i*.iV^ ^ l^ ^ ^ l l ( ^ O 

jJfe Lo ^3 ^LlaxU 

^LjJl jL^Ja^/ *L>c^ 34-s^wLa^oJ 1 U^Jl 1 j£-> IPCC jjj\jL) d-oLS" 

.^j^>-'-/ l J^J ^1 iS JaLldJl id^vo (^5Jl 


a _SC>c_Jl^ 4 ^a 3 j_lao 4 ojLj^[1 ^_L_p ojLa_j ^J-Jl 4 ^*!)Cp^[ 1 d)| 

od^J «4_^.L-wJl ^JLyaJ dva*>\J>-)) (Doom and Gloom Story) «4 ^LsjlS'MIj 
(»_d5sj 4 IPCC j-j jLaj .^jjLadJl (^«_1_3 ^3 3/%-J-^Jl 1 _^^j 4 jLdJ 1 

4 ^^\-P^/1 w)_9L^oJ^ 4 1 ^ 4 4 L»»*i 1 C^a,.] 4 ® 4 ^a> Ls^vJ 1 Ls^J 4_va ^l>sJ 1W 

.^jjLaJI i^_J-3 ^3 ^JuJl ^j^SCo ^ Lo>5 4 ^LoJ-P L^_d5s_> ^ j 4 J^wJ-wJl f-Ua_*ijJlj 

C^jJl J-^a-jJl j^jVI W4_^L^*^Jl ^_*_)LvaJ 4_va*l)\J>“)) d) j_5s_j 4 IPCC ^_>jUL> t^-^J 
L^a»- daLs^a*^\ j>cJ 1 od-& dadJj J-aJ ljJ_v2aJ d)j^3Lar.yaJ 1 

^-wvw>cJl (^dJl l^iidJl ^v5^*j ^-ij 4 l^-yg-*d] 1J 4 ^J55 C-JL51JI 


586 



• ^jjLflJl c_J—yg ^ ^3 J j^n»*»J 1 0^ • AA*j 1>J 1 ^ ^3 j •t—gl»sjA^y«lJ ^ ^>»v>»oI 


^LlJI 


c^i 


aJJJjLa Lg_jL> aUJ3j>J 1 jj_ygJ j . aJJJjLs aJ! ^_Lp 
L^jI ^_Lpj c (CO 2 —U cjLwvo^fl oljlJ-ygj) *A^-1 j OwLoJLw^j AJg__^o 

'yj C Jg»lj ^jJS £-1 ( J^S Oj«^*_yg 4 _Pj_oJ>cj 3 AiflUjIJJ l^_L>- ^jSJo-J ^LSJ^ 3 

l$j jJ-xdo j/ 0 j-^5” £*ygl jjj ^3 ljg>- oJjL*j5 aIJLjI ^jjO aIjjIS" aLwJ_*< dlJljwA jl 
s-ljl oLwZ»L5dJl 0 3a oIaUj! ^3 jj 0 jJ-Aj-* .ojj j-JJJ 


c - 


Ula 




.^^o-Lp ^jJil_5j i^\ ^3 £_9jJo Lo IjjLoJ j_A lJ-A j C 4 j2_Ll>cj3 


0-L^vw4 ^3 j^SJlJl ^jlJl lpl~o->J 


^iJl cIPCC 


OljJ_3jw<J ^jjL*_Jl ^^lp (J-^J-Jl £-jlj-A ‘-C»JL*Jj *^j3*Jl (3^ 

. *OL>ej'yJ ^Cy3 J OwL) wLJo Jjilg-eJJ 

jg*cj ^1 p 1*31.5 jlS” ^j->jjL*Jl 0jjjJl jl 3^° lyg.p*-1 A*Jj^ iitLA d-oU 

j_^Jl l^g.p)) ijPjJi jjLp^/ ^ji-1 SJjL>=-» oJla oJlS ”j ^ 2185 ^^Lp 
ji 3 ^-d jjJ ^3\>p^yi Aijjj ^jjij.ap j^. ji a3pLv^j ^ji ^ 3 \_pj/L> 

0 ^jiLwoJl j^p ULJ1 cpJ aj jj ^Jl Jwoj*3<J 1 <351 cpI jLjL>- v yI 

jl^ Nl -C*j t 3iJJJ A>t-2o j t Ao L-*Jl 4 jJ-aLJL<J1 CjULJI j ^tdJJ 

<L^oJ_*Jl Aj jj jJl ^3 ( j-Jj>c_J| *35" jl»S"j ^ ) U-jli ^j_JL*Jl j jJL U ^JJl J-^P 

1^3 ^j-v^ C ^j3xJl A^-J^ o^Aj .L^-w^Aj 

IPCC j_>jIJLj jl jJ ^5 0 j_aL*_>3 ,j«v3L*_j oi (j-°jj-^^ ^Lo-L^Jl ^_4_l>j c Ij_a 
j-L^Jl ^^^-p j-iJl 3j-^^ Jg-^-yg-j L^-Loj .3«L*Jl 4 ^oJ_*J| 4_l^_U ^1 jJb LpL^>“I 

jj-5S_> jl 0 j_So ^J jJl f-LoJ-^Jl ( jJ?-BjJ t4_LjjJl OljLp jlwLygl .Jg. - yg, j ^ ^ yg. j 1J 

^ CU=yJl JLjj j/1 ^jp j/j3^*^ 0 j-^1 1 

3-^ij (_£J-^f 1 ^^ CO 2 ^3 IpLjJjI Jj2j>o Ojl^J>J1 A^“J^ jl j^>Jl t_.Jgj2.Il J-J->- 

^oLj>»jJ 1 j| *Jl Jj —ajj .^1—p 600 500 3 ^ ^-Lj 1 (LB.g) 


K. M. Schulte, «Scientific Consensus on Climate?,» Energy and Environment, vol. 19 (2184) 

(2008), pp. 281-286. 

T. J. Osborn and K. R. Briffa, «The Spatial Extent of 20 th - Century Warmth in the (2185) 
Context of the Past 1200 Years,» Science, vol. 311 (2006), pp. 841-844. 

G. Burger, «Comment on the Spatial Extent of 20 th -Century Warmth in the Context of (2186) 
the Past 1200 Years,» Science, vol. 316 (2007), p. 1844. 
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o j-ZS ^J^al j-*-J ^^^o-bJl |»-frd-ll (JlJ_> N il t 00^33 j-^P Oa-LLoJl 

. (Jj-^33 ^5\_Oj ^IjwoJl ^-LoJo d)l ^j_^-o-j ^ J C 1-Oa^_a/2 

^L«Jl d)l ky^jJ\ o^_ol5!AJ oL-ljjJl js> (Oleg Sorokhtin) 

433 t^^A*w<>-OJl J:?L*ljJl Jlo J^l sZS* (_5^“^ -Jp*)/ I ^3 -LO-*-> ^^oJL*Jl 

oL-«j C oUa^a-t^Jl O-jJ-a ^3 oLLmJ j ( Jg-^^c-oJl oljlJ ^3 0>1 j^xjj C^j^l 

yS\j-> (l)j djjZj .jjl_> JJ^ (_^1 O^pLLa/ 2.ll O^ULa-o^l c_—*-k> LoOo (, ^r-lg->,<*J1 

oUi j*j \j ^jj><ji ^_3*!)\-kU d)ij c^j'yi ^^j-p oLw*t_u 3wL^>- <ljl*ji CO 2 —ii 

j_>t^_j 3l3J_j l ojl^j>cJl 0 >L>-j3 £_j2_jj_j LsJJ_*_ 3 .^LwoJl 0>1 j^xZ (J-L*_j O^JaJLLa 
ojl jS>- 0>L>-j3 ^jJiZj>ZJLS ^L^wOw^Jl twitS* VI j»j—l<Jl ^_i_3 jZj i \s, -. >c^oJ 1 

. ^JiwJl 

O’jjJJ 3j^JJ oLjLaaJI oUJl 0*->s_j C (l)JcJ ^3 O-SCLoJ I 0_*_<>j>cJl O^x-w^l 

^>■1 JjL* JlSIS Jwo^cu^Ij .^j 5^)I jl^Nl Juj^J 0 jO>L* t (Robert May) 

^-i^-^Ji ^y 3 ( jjL'yi o^'y'yi d)| cj ^-jjj *cjg-L^ d)jjj ^3 oscl^ji o*_oj>c_lj 

4kJUl ^PjJU ''Jj / \\jyJl}\ ^P 03j-*-a c_aJ>cj Ls JbS* ll3^P Lllj C (Jl^JaJl 
jJj .^iU-L> ^LJLU Jj'J.s \ <l>-L>- 15Ll^_3 (. Ow<>J-p 4 _v^*>L>- j^-Lp (j^LyaJ jl 
^^a»~l O^LwO-OlSl ^5"-U ( 1)1 C 3j^Ul O^Li OJ>u C oS^LoJl < 0 *-oJ>cJl oJjU- 

L^ow^Laj t ^^IaJJ 05"^-^^! oo-olS"^ 1 Ojj t o>o)l ^*)\J1 ^3 L^_>^jJ 

.ii)L>c^Jl OjIkJl ^A^a-j^JI ^oj^IS"^! OJj>oI Jl3j .JilJJ N1 Cf-lj'yi 
(Oregon d)j_*_jjjl 4 _va-> j_p 1 j-xjj jJl 32,000 _ Jl 2) y*S j-w«Vl ^LowL^Jl j_-_pj 
oJ-p J^U cIPCC JJ J ji I oL^?*>U-Jl ^ ^JL>- <lLz jj> Petition) 

jJ Ojli 0 jJLi 1 <L^S>~ J-g_>cJlj 0-3 jJl ^yQ Lfr-3 (J j_J 0>L-)L*-^ 

Ov^aaij^j L^JLt 4_p ^(J^ 0/2j ^^P 4-J-o-P oi-o-jij .Jails 

. ( 2188 ) v J a J| J r ^UU j 

1 1 j^-v^ ja!x« j yJoj>- iJ l)wA ! <u5" 'y 1 Oj L> 1 <0*-o->cJ 1 oJ li 

^1_p J)j^Oaai o^* iwJl CO 2 0 UU- 0 I (l)Li IPCC Ova*>\_>“ ^ 2r^ osL^Jl 

.op!)>■>/? ll oj^Jl -to <23-L>“ ^JJl ^j^^Jl _jl^^>-^1 ^p 4j^^*A«>s (wAj-p^l 


.fills’ ijjUi (2187) 
<http://www.petitionproject.org>. (2188) 
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jj \ ^-]Lp ?LpLo^>-i ^l^>-^/i ci*y ^ 5 ^* 

oULo oJ-pUJ Ll>tj 2)1 (Science) f*j4*J> 4 _wo_l_*Jl <ul> jji ^ (Naomi Oreskes) 
< <sr JUJl ^2^Jl jljJ^ cu^J 2003 _ 1993 (IS1 Web) ii^Jl 

ojJajJl oL^ 2 _>e_La JiD 2)25 t'yiJLa 928 ^_Lp iS 

(Benny Peiser) jj_>lo t y>A ^JLp JjI^j . ( ' 2189) (Consensus View) 

JaJLs o^yiJLa 905 2)1 Jj>-jj ^j^Ss-wvujj 1 4 _aj^_L? ce-Lpo'yi 1-L& 2)1 

1^-o-po 905 ( /^>s 13 2)1 j t oL^j>c_Ls L^J 2)25" 928 _Jl o*y2JLoJl 


LSC>- 2)2_SCj2_> 2)2_5"j . 0 IIJ 3 <2->L>c_> % yi 


f 

pLp^I 


(2190)„ 


ijJajJI ^Lo->-l 

4 J1jJ-S"2jl>j t ^Jwo-p 2)1 (Science) <LL>^ 

jj d^lf-Lp^l 2)| . 0 LU 3 lj_L*_fl_> |*_J^ t2-0-5" ®^*52—* 0 jjl^ 

c oI^-Lpo! c—Jo ^^:^2^>J 2^—-L^j 4jj^Jl ^j-o?2)ojj c 4_-*<l_-*^Jl ^^J^l_y>jj-o 

^jjiJl dbJjl J-o-^l^o j 1 c^jIoJL 5ij-*-* i>l 2 )j^2j 2)1 jl 

. (Beg to Differ) J>3 

2)1 j c I_&^jj 2JL L-oJ-p 2^1w<>j>-) iJ2L& 2)1 j^^)JoJl IPCC j~5 

l?.^s ^UJl ^SjCj'j .4—o-L*J1 j*s> 2^-u 1 Igol^L^ j^JL t-iU2jA 

^1^5" <l 52U1 4-_*_<>j>cJl <lJ .A^jliJl &Ij 2-^JJ 0^oJJwvwoJl 4J^2 ^m-oJ 1 (Jl)\J>- 
^L-oJ^Jl d^2-o^_2^_x>J 1 ^3 ^ jj j*& j-Lyg—^S" IPCC ^J-p o-t^jo 2^—9 d-j-)woJLP 1 
^-LaJ t J—S"2iLl2j (_£j_jlj 4_L^1 jl2)lo IPCC *2^ol «L^*_^o>tJl cuioj 

oC2^ol wo2o jl JJzJo ^JLj ^Jj t*2^0*yi 13-& ^-P-C «L^*_^o>cJl 

4_v 2*}2J>- 1 ^-2-y£?^jO jJS ^jOJj2j ?-2^J-P 2)| ^L-*-oO>cJl ^ IPCC 

4^3j-52^- ( jO> 4.J2-0 3jl j-A 4 L-5v_LoJl *L-*^j>cJl Jw^JL^o .^^0^3 t '-^o3 4_flj25^os 

d—p^l .2—*<2^-*i f-LS"^ cj—9^Jl dU.i ^3 4_o^_^_>cJl 2)25"j to-L>cJL<Cl 4_^Jw^<d 

Ij-JiLoj Loj-ygo ^j^sJj t ^o3_*Jl £UOIl (_^lj Lfjl 4^5v_LoJl ^l-^^oj^eJI 

^^1 jloil-*Io ^t-^oa A^>Jl ^3 30 j->tj 2)1 ^j-o ^2^Jl ^9 ^LoJJ&^yi (J^>" 

.2)Lo)fl (^^iil 


(2191)- 


N. Oreskes, «The Scientific Consensus on Climate Change,» Science, vol. 306 (2004), (2189) 

p. 1686. 

< http://www.staff.livjm.ac.uk/spsbpeis.Oreskes-abstracts.htm>. (2190) 

Climate Change Controversies: A Simple Guide (London: Royal Society of London, 2007). (2191) 
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oLjjjJJ (Peer Review Process) Loj-Jl j! 5 J lj:ll jJl-L jl 

^ <\JLl$j| .^q-L*J| jJj.Ig" 1 <cL—L q-)j 4—o-)-*J| 

j\ lO*>L-l*J *1 y>-\ £* ( Jwo2_> ^ lI**->c-JI 3 • Jj-*P ^y* jJj>lj 

^jjJl J^*J>-I jLjj>-L> ^*23 (Jj-*aJ| <1^ J jJ>c-oJ ^j-Sjooj . ^jjl3 jj 

y> OwLio ljjj jl jj-*->~lj-oJU ^^-£jL>oI .X^xj (_£jJl 0->t-JI jj~o-P-b J-i 

I <j3L>cj j\J < aJU>c^s ^3 IjJL £J>-Ic_5‘^“’ ^ 4_yg3 j jl C—>c-Jl j-*Io 

jl A-Jjl oULo y& oLp jj_*_^-lj/j .d-*j>cJl ^jJ?-2jj Jjj l j_& LaIjj>-1 

.ol>L~>Jl 

y* ^Jg_>t_> j/j .<-1 jL>c_>VI ^_Lp JjJaJj) 

£_>j ^j2jL) j/ c ^jj\ji ^_pw\jL> l>c_j* y 1 ^cjwa oLJj^j ojidLowo-Ji ^u^i 

Lsj ^ jS y ^^yij djL>o*y! ^j^s* ^-p^ *^^*^1 j^aJi ji ^o j^ojji 

jli (. 4-0jJl 0J-^ jj-^J^o>«J PJ-O^J->> 4xv2-J J^LaJo ^ ^ r-J 

4^wj> j _9 ,*_pJ_> N cr ^_LJl ^—w*o>c_Jl 1 j-w-S” Lo-5" .LJLlA (1)1 *^_3 J-XJ ^jJ <L*L*Jl 

.LJj5" Ijl j^-\ <L>>x >zj ^Jl iJLJ>l oQgLidJl 


•y Aj^y 4 ^_>j-^vJi 4^j>-i^oJi cjL>jj3 y j_*uj'y 3wL^>cji d^Ls-tj'yi 1 ^js" 0 } 

jjJjJ«3 4-*-^L>- jl (JldLoJl ^^J-P y~iJ ’LJ^yij Jj>- Lj J_jJ^>- * ( ^*-* ) j-^-d 

^3 jjj>cJlj wLoJL jJl^: olla>-a LL^j c Ul y^\ <—j^ *^^>1 

L*_Aj jJ* j-^d ^ ^>C-J| ^jg-^ jJLw^a jl L^->c_jljo O-Loj t Jg.^>c-^Jl 

LJg-P L^wLAj aJjs-c^JI jjg-Ll ^jlxjl 0 j_A J ^>0 t Ujg .1 jl5 t Lyg-A>c^3 

jj lj~i jl lJ —>» JHJ—^ V*-^' j-^J -fj- 1 -^' ^ 

oi_A j! jv-p^Jl ( _ r Lc-j .^_w™jj ^ tL->^Jl 1-La j-L 1 j (J jJJjJj 


^j-P ^<>w*J OwL^jj jwi_A3 


liij-fci ji t o j jJl*^ji 


^j-vJ 1-^-^} (J y*-P ^Jl jl ^ j2*c -Jl ^IjwoJl 43 jA^Jl 

.^jjlg-cjl d-^g^c-Jl I j-ft J^Aj 

l^w>J iJLjfc jl ojLp jj-Ji-wJl ^^pJuj .4^3j_5j>cJl cJLo-> LJwL^a ^_LxJ| ^_pjl> 


D. W. Miller, «The Government Grant System: Inhibitor of Truth and Innovation,» (2192) 
Journal of Information Ethics , vol. 16 (2007), pp. 59-69. 
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oL*(jl j-P' C Aplbv? j 3L/2-4 <J^l>- ^pjJl ^*Jb LabbP ^^J_*Jl i^s 


jJ*s] d)| (Jli lib .L^_)L>cJbl S 3 Ip) ^y jpL*J <d^j oIjJL*.^ 

(j j5w^3 C Aj3j^J ^P ‘d-J.S C.->lpjj>- (jj jl t L^vwo-ji *}C<s?l ^IboJl 

j_P ^L*Jl ^1 jJl (jl j->“l *^° ( Ju j~ob> ^d-P <J J-v2->cJl (w*-*-vfflJl 

LsLSJ (j^l OjjJaJ JJLlj .^^JuJl (bb->c-dl CjLaL>c_j| ij^_>c_j (^>L*Jl) or <3-*-J' 
. tJb>L>cJ I j^aJ ^Lp (J j-v2J>c_ 1J jl jjjJl ^_->L>e_v^ I ji L* j-3 (1) jJw4j_> | ^J_) J_)L>c^ 

^L*Jlj t(Jjj/l j»l*Jl ^3 oljL>c_)^/L> Lj^j j|j Jl>- »oL>c_)'yI oLLwA Ju jjj 

iilb& (jj_S\J (jl ^.ygJLAj ld_&J ^ ^jbJLjdl Cbj>c-Jl j~JLoJ i*LJljJl j»L*JlJ C ^jlbJl 

.^U^fl ^ ^y>-ljLs ^ Jj3j 


OJ15 

I L^o 1 (. ^Lp 


100 50 y**-> A^old> Idlb^-I ^j_L*Jl ^y 5^1 olil^S-'yi 

^^-Jl d3L>oj/l ^cba ^IdL (J^o-> O - ^ • <ddJd_S" ^vwJ ^»j/l (jli c ^ ^-d 
(Francis Crick) i5 J$ ^^^Jl yj (James Watson) <jj-~Jl j Lr ~«y>- L^l^dl 
jj ^jJ jl (Jonas Salk) dA)L> (Richard Feynman) jlbi 3jlibjj 

t (Charles Darwin) j_>jjl3 jJjldJ ^5i jjJu (Linus Pauling) ^jJ^ j_bJ 
j-LbJ jdi . (Marie Curie) jd ^jL* jl (Albert Einstein) ^Lbdbl o^Jij 

oIpI^ b>-l ^JwC>c-wvJ i^bSd ^y J1. olS" ya La jJLa bb>o ^j-Jl A^odp Aj j j3 AjI 

(j ^-5" ^*>La (J U j . f-L)^—_£_]| ^_3 A^_^jLwdj o j^La 0wLjJ^>- o j_S\_3 AjI 3 

jjiC aj j jj olpliJJl ^JbJl j) t^jJi^Jl cJ j-wJlJ t (Thomas Kuhn) 

^<>jJl ^3 ^ ^ tf >I I^_>jJl ciibJ^I ol j ..L>^_Li>3 wLLwvJI j^jJI L^3 
A^j j-wvJl A^J>-I j^>Jl A^Lo-*_) (j j-^3 j_Aj ( j_>jJl AXj J_>cJ I cL>L>cj j| I bjL-vJl 

<j^p ^ ^LJl ^J .^uJl oLiLj >o jl! (Peer Review) 

.^JJ^Lp y&J wtjLvJl ^^jJl (jl iflj LobbP 

c a--*^w<>-aL] I pL^ojJI ^3 sJb->e-JJ Lg_> ^^o-> ^bll <oL5j]| A3 (j j5L- 

(jl to j~r* y^ 3 y* ^ ^-o»oJl t ^jLlvsJI yS \jj l diLdl 

jJabJl .A^s^5UJl ya (Jj^^Jl a^LJ C-oc-Jl ^jP Ajiib>c^s L5^i 

A^b^oo A-o^S" A^-JjI C ^^oJp bj>- ^ ^**d3 C ^Jo^obJl L^JwQ cyli 

^jboJo Lo__^-^-ll L*_dij/I j)l 'yj cLblaJ^a (jj5l J-3 I <LLo-1_*_j ^5LJj .ajjL^j jl 
^ 1 p A-33L/2-0JI cbwoJ l^|j .Lw>-jJ^JuI l^J C j*S*^ w\_)L>t>s yj 

j/j t 3 ^jj'ywdi (jj/ t ^|_>^<bJi jb/2» ^vwd-3 t A^od_*ji ojdddi 
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^^3 l L^.LJ J j-o-> ^aJI ^ 

LLJh}\ Jj t oj-J-Jl ^Jwo-*j <~JlS *oL>c_)*)U jJ-v^-a ^p c 4 j!jJ| ^JoliJl 

.clU^ e-LLI 4ji]L>c^>Jl <u^>J»*Jl oLwiliJl c-JgLLJ j (. *-L*Jl Lf> I 

(1)^1 J C *-L*Jl 4 ^jL<>^ 3 ^3 IjjwLa I^-OlJL>t^Jl ^-Jg-^a ^*/2_^l JJl) 

Jg_>- I(1)1 ^-g-L_P t ^Lg-^Jl ^-LilU ^i_P (1) J*CoJL*-> ^ 

^Jj>cJ pjj L aj jl*Jl ^L-l cLLiJl t j^SvJj . Lj^j I^SU <-~>y>*}\ 

aJjjJI 4Ja_L*^J 3 ^_aJI ^Lyg-g»-jj 4_slj_>cJl |*JLp j-a L 0 L 3 c 1 

^oJL>c-oJl ^^.Lp 1 Lo-jj 4_vgjL^s jlSol ^x»*3 (1)1 Lo-S" .( 4-JL*~ba LaJ 1) 

c2009 (>Lp ^jjjS/I ^L>cJNI ^j— j j Jli L. J_L* jly^l 

.(2'93)('Y ac ] av KlaUSS) 

d^L>tjl ^—*^3 4 l>c_1jI c2000 ^»Lp t._ j\sS ^\jL>y o jSL>c-]\ 31 j^a\ 

c(BGR) ji^ jLa 4»JljJ»^aJl <LuL>J*yi La ^>JJ Lp- j-^>cJlj <LoJ_*_oJl 3jlj_oJl 

ciJj'yi t L»_P'L* w*^2-1 I L^e_) ^L) ^ *J 1 LoLw*> 4»> *")/ ^ 4^a ^bL>- ^_»*v3 L«/g-> I 4_^_P3^ 

^jja 4_>-ljL*Jl 4_3 j_*_oJJ J-lL>cJl I J_A ^y2 */2 >- jJL) . L^>- jJ j^>c_U j_3 jJLa L^^yaj 
l Lj>-^*>kJI^ L*^>~^c_> jLJ I y# wL<»jLwvw<)JI ^jjwoJi 43 jijjL ^j-^oJLp 

4iL>Jj>cJl CjI jljJLa b\S (1)| J-^LJ aJjL>c^s ^3 ^-s^LoJl LJ ^i 

LJ! CU^J 

y^£cS\j c ^jlwL^a^ c t ^LwJl ii^3 CO 2 

ig_>- t 4j2_vgl_P ^_ >Ll5vJl 0-b>-l J-flJ .j^S^L 4-J>- ol5 y>^a O-j 15 

jl j-yg_>cJl ^i_p wLoJl^j ^LwJl LajLaj 2)LS" t a_oL<>J' y 1 4 ^ 3 ^5l_>cJl y>- 

jj^L^a ^jS* L^v-i-L; oLjj ^—jLlSvJI oJ-*Lj 4_LwJ| Oj-jjJ OJ-flJolj .^^-^5"!jJLJo^I 

j_i ojj_SC>cJI (JLo 2)1 Ig-c-v^lj 2)LS" t La j2a_j ^_yj ^ ( /^LiL«^-<>Jl L^JLo-L*J 

.L*-^a jZS')}] c_^l5vJl y*a cl)LS* 4j1 jJl ^^JlP C 4^jU >LxSvJ I ^.IgJ ^Jj . 


(2194) 


(i)i^ c 4^>j->cji ‘Cwsj'yi ^3 


^ ^Jg_>c^0 ^jJl ^*^wO«lJl <—J 'L^Jl 


LI 


S*'J 


Vaclav Klaus, Blue Planet in Green Shackles: What is Endangered: Climate or Freedom? (2193) 
(Washington, DC: Competitive Enterprise Institute, 2008). 

U. Berner and H. Streif, Klimafakten: Die Ruckblick-Ein Schliissel fur die Zukunft (Berlin: (2194) 
E.Schweizerbart’sche Verlagsbuchhandlung, 2000). 
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La Ab^J> cj CO(jLo-pMl ^jA ^_L*b (1)1 CjLaj^OxJl ^JaCvb Lojj 

^Jwo-Cu A^Lo-P oJ_Aj C ^J^aLJa ^L^>-l jjJj bjIjMjbJl oLoljly ^ 

oLL^Jl jl jS \jj caJjMI oULJJ jl j^vJj oLp|j c AjLLjJl 4_i^Lv2«oJl 

jUab-Ml (1)1 L^-La ^Jj CjLa^_Sb>- ( Jw*3 ^J -0 ^ l-l_A jijj .CjL-aLJlllj 

j-& 4jjJ^JL Laj .^Jjljlbb £-ljJ>- 1 ‘b>Cj ^ bl lb>- aJLp (1)^S\JCa 
cJLS” cj! jMjjJl oU^JujJ iwi2-L5Lj cjIj!jJL ^LJLJl jJag- jl 

( J^*_^a ^i_p) 4_l_>^JaJlj A_*_^~ j_oJl jbrJuMl CJ LLkg«- jLa *>L_*_9 C—*_w2 J-3 J .ljL>Col 

XStern Review j^cJt* t JLuJI 

jlj C I (1)1 C^j-aLJl ^.]g,.^a ( jc» (1) j-^jLpM IJ (1) j^aLwwjl wLj^j 

c ^x>-Lp ^L^j>-L> jJ_b b!_j .^j-abJl i^-lg-^a ^c_>^ L^jI j^JJL)L*_> f-Lwd I^J^_5 j 

^j^a-yai jj Lob c jMpMl Jbo ^j-a ‘C^ciJl j»jLpMl yg i JjJJj . Jwasi IJw£3 

Lo~^a C LCo (jjplj |*-gjL 1J jgj (jl (1)jCL^-oJl jJJ C lj-J>- U-O £^Lo bjjl 

^j--a ^j. yg .9 M 1 .bj^ »wJ->c_j M A yg 3 L-CoJ 1 *ljMl jlj 


.bLJ *>Lo-p IjJj>c_> (1)1 t ^-'-?-*bJ! 

^-*-cJi ^^>-^^<>jj oA5"^a ^jj'yAs* (i)^jji^ j>-mi_9 ipcc a_l^2j ^5Ji 

^1p Jj^./g.>cJl ^j^-i -l)I j-avJl I j_& Cj! jA oJlP ^j-^jl^J>-M! oJL-a JjjJ ^^JLxJl 

.Lblo~a 1 ^a| ^1 Jj>- 

dPCC jl ^JU dU!)) :^)LJ! ^jLJl Jlj—Jl jL-I UJUj ^lj 

((^Uai>- ^Lp L^K ^CjLoj^IS’ij c<uSLLoJl a»^oj>cJIj 

a^L^p ^j_> c <Lwo->^L5'! <ulJsj>- j| (JLJb 

O^li j! AjL<j! ^JjJl A^Jgj'y ^-^1 ^1 L^Laj*-^/! j| j j^\ Lob CA-^aLwwa 

f%*y\j jLo-p'yi s^iij c^ij—ajMj c^j-wwo-j^ib'yij c^j-w^l^jij cJi-jji 

. ^-AjLbCMa! 

J ( /^a CjLajbL>cJl ccbjoj bli ^^LwoJl j^xj CjLaj_5vJ>cJl ^JaJCb 
c ( j^wo_JL!l L^j J.>j.j ^^Jl o^sJC-oJl A_iUaJlj c^^wo-bJl ^UgjJJ ^^j>c-oJl JJjjJaJl 

L^bLJ! c^j^yi jlwLa CjLJ uJuJ c A^>jbl)I ^cVl ^ >L^vul ^3 Cj! j-bdlj 

.^LJ! j^xj j^ ^ ) L) c 3^-v>3 C A_o^bcJ I £ zj [/ 3»/2 l!^ 


. (King Canute) cjjJIS” bJLLJl ajIS^j- Ml oLajib>Jl Jlp 
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4*j 4j LgJ-Jl 

A_j^Lv 2JL3 ^ 1^ 4-JdJl goUdll j ^Ido-Jl d)l pLo-L*J 1 wL>l^ds .5J-P ^]jwL> 
oUi j^SS d)jj . dAkd j-*P ^-Aj LgJ (_£jd>- ^ ^ 

JkoCdL <Jj»o-*-oJl oUij^Jl dLL> d)jj ^3 IjjL ^-L*~4 daVl o Jw_*_> 

dLp aJjISvj OjJJwoJl oUj jjJ 1 d)|j t AjLLl>c-^ dw**wJ 4 j ^oL>j 

^jS' wbJ^Jl od^_S* olojJ L)j_-j>cj Loojj . lJL>- ^j_L*Jl do y>- jj <d>-Los 

jl^j_P Lj j~sJ>x-) Lw» ^iSl 4 ->jL*J 1 ^LdJl ^iLoo *Ld^J ^pLoO>cJl iJ^_LwvJl 

. fc )'\_*_3 OwL) Jj>- d-WM-j ( jwvjidvw<>jl OUi Jj (1)} <• (J ji 1 (_£ J^~ ^ ® ^S\J 1 

^ ^ a j . Lc>- j*£sS\ oi-4 ^ jl*J! |^Jjj c ^-1 *-^Lp Lu) 

Jli JJi_3 ^ <dsj-Jl oLo>cJl ^3 <U_^d^*w<>Jl Lo>-jJjjbd!l j»j_L*Jl ^bJl ^oULoJl 

j^ 2 ->J c^^UaJl ^ k<_<d ^ <1)1 (Carl Sagan) <1)IpL* JjIS 


^C AjA*Jl 


-rCr^J 


(2197) 


4o*>Lap*>\J 1J dlil^>cJl 4dJJ (_^AJl wbJj>cJl ^^Lkll 
. olil^>Jlj aJ*>Hp*>U1 J) 


(2198)- 


d)l JJoj j . <1 jLa 4jllS" dL*_<d>c-oJl oklSo <5si_^Jl 4o *>ULp 1 0 j_A d)| 

d)l ^^-*-11 <1)<«-—s^-dJlj (1 )j-^aiL^JLs c o*)l5da Lc>-jJjj^xll 

<bl .ddLk ^P <1)<1)1 kj-^-Vl ( ^y 3 ^jSJj c Oyl5w<JJ Ajjs^-\j ^J*>5jyj 

j ^ j -^*1 c d d-=r lolj C 4oC^o jJ>o j-~*Z ^*JL*Jl (1)| LJ (JLL 

jL>- jJL) .kJi cLUS J5j ^ *1jJLs d^^od-^ t Lo 2_> 1 bUj tjL>- ^y>-L>-j Co jtJlp 

^Jl t (1)1 jjL*Jl d3j 


l-A J-^Pj *b J^Jl bL^J ( /^P Ol*J jJo (1) JJijJlj <r\J^>~ ^j-P od5 jlj iJl-LA 

Li 4_a_L*2dJl dilj L^3 L<o C d>L*_3jjJ 1 J .d_Pd jl J-S” ( /^s 


O. H. Pilkey and L. Pilkey-Jarvis, Useless Arithmetic: Why Environmental Scientists Can’t (2195) 
Predict the Future (Columbia: Columbia Univerisy Press, 2007). 

F. Pearce, «Poor Forecasting Undermines Climate Debate,» New Scientists (1 May 2008), (2196) 
pp. 8-9. 

C. Sagan, The Demon-Haunted World: Science as a Candle in the Dark (West Virginia: (2197) 
Headline Book Publishing, 1996). 

C. Booker and R. North, Scared to Death: From BSE to Global Warming: Why Scares are (2198) 
Costing us the Earth (London; New York: Continuum, 2007). 
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c LjLcl&I a^Lcjc>JI oL*3^dl <_jJj>«Jj . ac_o 2)2*-* t^lCoJJ 
. aJjISsj o j jjw^ <ij L *^yi ^Lcc^^lJ bJta 

|*-JL*J| (1)} (28 4-)^ I t 16 ^L>c_ s 4’'yi (. ^La ( Ju^>c_jI) J_j J_>e_]l (JjJL> 

^jJ-p| c 992 ^Lp ^yj .4jCo 42! j-^p • j-sj>-Vl Jj--*>^Jl o(J^ ^-g-cc^< 

^Jl (Bernard of Thurengen) ^Jjl .ijU^ d^LJl 

. igJa.3 Lslp 32 ^Jl-^JJ 4j I t 4jL>Lw*0- 

^j_j jlSj .ULp 32 oLi ^TJl C CjlJj_; JC-P ^_JL*Jl 4 JLCj 

C ^Jl*Jl 4 j L^j Co^C31 iCC-o>-j .^w^woJl j ( /^s ^>Lp 1000 J-*_i djJ->c^wo 4 jjCjw\J| 

IjP 2)j j^j c 4_p|jjJ J^-j iSlt Jij c£ j J j-vaJl ^ jtJ 

.oLpL>^j 1000 ^Lp ( /j_j^JlS" J-Cp ^-JL*Jl ^_gjc!j t ( Jwws^L>c^ 

jl LcLys 1179 j»Lp oL^I^-S” (John of Toledo) 2)j-^- )) ^->^Jw<Jl 

/JjJu! tJcJlcJl ^3 (GMT) p-Lwv^j 4.15 4-pL^J! jcp ^^jCw^o ^*JL*Jl 

yk>- <• Jj>cJl ( Jw<>j>t>s ^^Lp di>-lj ,®1 j*. J)) ^y ^S\ j^Jl ccJlS" LjJcp 

4_i_sL^l IpOj t oJjljJ ^L? P 4^CwJajJa-«^J 1 ^^3 2)1 

.*Jl*Jl 4cc ^Jj c diljell 4»Ja^j cco>cj>cjj . 0 jliS2!l ^j*} yjjy>\S 


^Jl ^ipj .^JL*Jl 4 jL^j ^jp 0 U 3 ^clJ Icsj yLs' ^*oL*Jl 2) y ]I 4jIJj 2)15" 

^_3^cJL> ^2 j2Jlp'^/L> I^LS" 2)L^—Jl 2)! c ! cc>L*-3 SJ-p 2)! y* 

^^_Cs^o LT^>o| lotsj-W 2)1 1 jJli ^JJl ( ^---<>j>cJw<>JI yo ^_3^j^2 _sl 2)15”j ^ ^JlcJl 
c ^553 4 _*_aJj-o ^1 2)~^2 2)25s-^o yo 20,000 y^-> • 1523 ^Lp 

<cp-I j ^3 G^_p cc>^oJl ^ wC; Lj>-jli>- CC’^-^.J! Ij_Lv2_3 cc-^>- 
^po!j .4jcLj j2 

(Jl(_5^ (_5^^^' fc ’ 2)l_j t ^Lp 100 UaJ^I wXi 2)1 2) 

. 1523 flp oL>Jl Jj Jip \y\S ^JJI J52) Sui ^1 jUj . 1623 ^Lp 


^_>jJI ^LcJ I 


ya L^_*«Ow^vJ ^cJl CjL*_3jcJI ^3jjJl JwLo 


A Good Example is the Poem Saw/ Hanrahan, by John O’Brien (1878-1952) from Around (2199) 
the Boree Log and Other Verses (1921). 

James Randi, The Mask of Nostradamus: A Biography of the World’s Most Famous Prophet (2200) 
(New York: James Scribner’s Sons, 1990). 
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J .J ( /j^_d , L*Jl ^Lal yj3^\j I ( /jJ ^-£->1 C5^ > ~ tAj3 ^~- a djL*-3 J-O 0 j-ajJL 
t |*JL*Jl d l^-d 1523 ^»Lp £-3 jj (^LLMj ya ^_P j}\ ^J»Pj .^_£jL*_3 jj Jjj2j>cJ La J_LP 

^3 o«*5lj-S\Jl t aJg-yaj LaJdP 1524 ^Lp (_£^>-1 ®j- 4 y Ij-^LpI ( ^wd>cJw<>Jl (l)ls 

^1 .^^JLp L)Lyfl^3 ^J^du oj5Lda 4 _>L^jJI dol5 ^-JgJL t (Pisces) 

t ^ -*-JdoJ 1^ ^c_J ^oJl j to C 3 jLlg-P (l)^-^->e-dJ I j ^jJl [ ^S j5\Jl 

( j^5vJj .Lyg-ji (Pisces) ^3 t JJd3j Lsjj^-a Lr^ ^dJl td)jdo L)l5j t^j^<>dJlj 

(1)1 dSL^J ( /j*aj .iildk I JJJ^J ^O-dJlj *• (L^3j ^_3j j*~° j^p) ^i-’J t ^j-a 

(_£jLa 0 -jL^> ^j-a (Jp ^^*»Nj5oo <Lo-^»I |i->da JdjJ-o2-J ^3 ( J r aJ>^j 

J-*-*—1 J_^l <l)L5j t (Nicolaus Peranzonus de Monte Sainte Marie) 

jjo (Georg Tannstetter) £j yr J^ 9 kJj^Ij ?^JL*Jl 

ld>- L<>wJg-p Ljdd^Jl d->Lo-*_> yld (1)15j ^ ^JL*Jl l)j tJU tLdd <L*-aL>- 

(1)Lyffl-^aJl JJl3 ^ Lo2j 1 ^j-Jl LJlP j-a^l J-JgJuj .^o-^o ^dduL> (j! ^d»- 

d—t ^-Id^-a pLo J^Lio lildk (1)15j c 1524 ^j!j_* 3 /,l?Lda 20 ^3 ^^oJL*Jl 

.^ «*> ^j !y (jwLa y (1 )jjZS <^Sjj t ^jj <CwoLwvJ 4_fljUa-a 


Mi MM u-° 


'< jv-jL^JJijp) oJj-SJl ( _y_; 


t ULJI 




(jV £jUJl ^3 t^w^lp ^5 >-j <y^~ (_5^ ^ ^1)13j-laJl ^3 

olijJaJl ,yj •<!)j5li^a I^jLS"j (J^_gJl ^5^ ( /^a ^_>c_L^a 1)15 Ldp ^L>-j 

c ^du d>j>-^5 ^ 3 }j t Ll 5^>- I^Ja-a dJjJa^al t jladwoJl 

id^dJL ^JL*J| 4 jL^_j >L*_3 (do 15 dij .^PLoJ>- jjC ( y 1 ^P3 ^_^da d^ldoJl Jj3J 
1524 ^>l_P (1)1 d^L^Jl ddo .^»o->cJl ya j_pjJl 4_ld3 (^5Jl t dojiDl ^Jl 

•Vl^ t Ljjjl ^3 oiLL>- ^Lp 1)15 

(1)1 1532 j>Lp t (Frederic Nausea) L>jjU dJojJo^ t LdwJ jl^Ja-a jj 
pLo-^vJI ^3 <jj-a3 (l)LJu^ (J^ 9 j-*Jl jj-aVl ^3 y\ ^_^_>- ^ I j d ^ d ^3 dL^jJl 
t j_w 5l-LA doLS”J t f-LowwsJl yo 3^-^a'yi ^_0>cJl Ja_3Lw>oj C ( j 5 ^a 

.Cj ^JLxJl 1)1 ^P t <^Lo-^Jl y i^y>xj j^23j 


Mb <r^~j 

jJbJl j! (LjUJ!) Lochau) 


(Stifeliu of jli^jJ 

^yo Lf-JLtJl (LpL^JI j 

oL-5b*j L<>.-]j p Lpj_3 1 1533 

^ .^JL*Jl *uJo • (Lochau) 
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• 4^0 I ^ 1^ C ^ ' *Lw/2«^ ^ A^O. 1? ) ^~y **rn) <—w^sJ ' ^1 ^ ^~^^3 

(Anabaptist 1)55 j_a jj_5d5 o™..^55^1 ^^JlpI (55^) '^j y^\ y^ j 
JsJJ yzJ*^ 144,000 jlj 1 1533 j»Lp ^J5Jl d)l Melchior Hoffman) 

y° IjJj^sJ ^jliGjU^j Ij-^jj ^P *LlpVl 5 pj 

t o^-wJl Jpl^ j>- C-Ji3 5 Lp 1)5 1533 ^Lp l)I aJjlJI 

jJl>-j tjlxJl jUa_>-l ^j-O j_*XJu 1 wL) wLJo J~L?- 5L5 ^3 ^cvwJ jJl i^w^vJl 

^jl-5 c^j_p 1 oLL^Jl d)l j*s* c 1533 ^Lp ^JL*Jl 4ju_> ^Jj .jLJl 4 j>c-jcJ1 

100 ya jlS\ J-wo-xj ^_!>j * 1^33 ^j-vwJj c 1534 ^Lp p5L*Jl 1)1 

. 1534 j»l p ^Jl*Jl Cj *1 j^~5 jal^^i*^! ^3 ^^5 


jl (LJ y) Oj^o^ (Pierre Turrell) Jj jjJ ^ ^^uJl oLL^- oj5 
^_a owL^-S' o55*^>- d)|j . 1814j 1801 j 11544j c 1537 ^Lp ^_1L*J1 

ajL^_) d)L jjj t ^1*31 ^_>sJw<>Jl y> ^£51 J^>j jj l)5j .^j-Jl jJj~o-5" 

jj3_>c^ j_Jl 4 lL*_aj 5 55J 1 5aj <• ^jJCoJl o y*^ ^JLxJl 

^Jl*Jl jl t (Cyprian Leowitz) ^^5 <. ^51 j .^5<Jl 

(Jjlwb>- jJ-v^l 41*3 ajLL^>- ya \jj>- IajIj (1)15 4j! Jj^j . 1584 ^Lp 1)5 

1)5j .4jcu ^Jj • • ^J5-il ^cCo I)) 1614 ^Lp p j5-^ Lj1wL>-1 4-55 

c (Johann Muller) Jy> 1)Iaj_> 4 JI 3 5 c^JUJl 4 jI^J y>-T 55 1588 j»Ip 

d)5j t Regiomontanus yy*^ 5J ^-5cJl ^1S ^-55^ j-&j 

^-5l o y*^ (J5JI 4jL^_j j5 55 ?-5^ L5^ 


^JUJJ 4jL^j c^_*_5j 1648 ^»Lp *• j-5p £jLJl d)j5ll ^3 

^ oMl j-^jl) ^ (Rabbi Sabbati Zevi) 5b 

(1)55- £_L3lj C ^^Jl^c-xJI 51 C ^y^l^jJl ^J->S ^yLjj ^_P^1_^ c (55 
^L <J5ip 1 5j .^JiJl o3>j_*JJ ljj ^Jwo-^Jl 1 j5^a d)l 4 J 

^w^l i 4^JwJgjJa-^5Jl tCjs^o t4jJuJl ^^-5 ( j5j^ r >»cJl (l)Ua_5Jl 

j_)l^_5 (w^^- 11578 ^>5 • 1648 ^5 ^J5Jl ajL^j 5>Jj>cJ .5-5^ 

jMi- ^J5Jl d)l (Helisaues Roeslin of Alsace) ^IjJ^I y* 

oijJl t 5*1 IJLaj Ula 1)5j 1 1654 I^>\ 12 ^ 5j-^5 

5*)55 c 1654 ^Ip 1)1 aJjsxp- d)l (^5aJl <5 (^5Jl 

-b • 1654 ^.5g-^^.P 1 /1 11 c_3^-w»^^J 1 *2jwL?»- c 4_*_3^j (J^-v^-^*~ ^^J-P 
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V 1 O'* Sf jLLjl LT* p . 4 jj-o L jS ^IjJl L j-^-j t CiJS 

• ^y*£* j 1 L> 

(Cardinal Nicholas de Cusa) \jjS ^3 JL-L_>3jL£JI ^^.pSI 

c^Lj^jIS" 2)15 4jI ( jjo ^p jJl ^J-pj . 1704 ^Ip 0j5c-^< ^JL*Jl CL^j 2)1 co3l*Jl5 
(Bernoulli) ^->jj 4 _EIp o_>t)o!j .CL^jJI olJ c 4_*3 oISCjLjJ! ^p^Xj 

iJUj .(JLp-I /j_)J IjLow^ J^wwV^ L) J <Lo Lo-J ^_^vJl 

43 j_*-a <_3jj-*- 4 <• t jj jj j»lijL 2)^1 oLowwvwoJl 4 ^v?L>^1 4_Lw-LwJI CL2j5L 

j-d^’/j'-J 19 ^ <*_, 


^ J* 


Co I jjg_ yg L) ^_JL*Jl l)I £-3 jj 4 jL} ( Ju3l 

j_)j_; Lg_L*_3 j15 I 3 I oJ_^_S" oL>L*^>- j^o.3 .1719 


y ^JJl t ^UiJl (William Whiston) jjju *j ^LJj 2)15 

j%JL*Jl ^Jj .1736 ^13 ^ pJl*Jl jl 

c (Emmanuel Swedenborg) J^jJL^I ^^olj .2 )jJL^< 

cl) j5c-^i ClfJl d)l <J Ij-JLal Jtij col45 \j*>2oJI jUuLwd aJI t^oT*Jl 4 ^L>c-w*oIj 
4jjjUaJl oJjU C*P3lj ^yg_» ^oJ 1 -£jI ^P ^ 1757 ^Ip ^3 

tl774 j»Lp ^Jl*Jl d)l (Joanna Southcott) Oj5CjL* Ulj^r 

U!jj>- wClj t*JL*Jl ajco • -Xj-X>cjl ^j/2. C^oJL (^Cj>-) *)CsL>- d-ol5 Lg_>lj 

.C-ooT& 

(JljJj 1761 j^\j-y3 /d?C-Jo 8 (JIjJj £-5 *X_3j .4JL)LJL^ (Jj^j 1 jJlE>c_j^/ (1)1 
J_; (»LJj £-i\j .^jU/jli! ^ j-aLiJl ^ L.jj 4_Jl_o_; j_*_; js >-I 

^UJl J> La^j 28 J-*j jj5C^ joliJl JljJjJl jl d)JuJ ^JLa! (William Bell) 
l_Jww£ CJg->- Ll?LCw»<| t ^L)wo-Jl C->1_*_3 jli t ld_A d)L5 . ( J^_>j_>l/(1 )Lws^j ( /^s 

^JLaI ljIjj .(^-Cp-VI c (1)^ j-~~> d)wLoJl j^Lp^ .JaCs 

t ^3 t /(l)LvvwsJ 6 ^3 d)w\jJ 

. Ld-AP ^Cx>c-<>Jl A-^v-^i^o 

c o^5sjjLw*» lJl^j>- ^Ljl ( /ys j-*j c (John Turner) yjj> 

.dlJj5 ’ 1820 /JjVl ^*)L> 14 (1 )j5C*^i (D-Day) 3 ^p^-C l 

1 1843 7j 1 1843 3 _; (William Miller) ^L» j>Uj ^ 
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.JUJI AAf] ULl 1844 22 j 1844 /jlSl 21j c 1843 

JJJl C-Ayg-lLa <L>- ^yg LiLgjJl 2)1 ( /j_g_$\jj ? JgJLs Ag-lj jL> 2)2S"j 

^%-p j 1833 ^Ip L5j*u *>Llj 2)1 'yi 11831 j»lp 

^wLvvJl ^JJgj .iA$Jl 2)jjJg-X)o ^uLyg-^Jl ^wo»3 ^J-P j+-0^A t 3Jj>cUJ ^JjL J5 
. ^JL*Jl L^j jL> 2)1 <jl c 1849 ^Lp j. Lj cjj-« ^jJ ^u>- Oj^Xjislxj 

OlwiiLj ( 7 jUJ |t-^-yg-AJ ^_£Olj C (jlwLwoJl *L>j-y2-oJ 1 jLj'Vl f-Lo-Lp *L>-J 

oLpIj oULws^>cJl C-Jg-P 1 j c 1881 ^Lp ^_)L*Jl 2)1 oj-u>cJl ^*1 ^-a^I 

^gJg-pl tA-w2jjj ^25^1 ^UJl oIpIj 1936 ^Lp j«a L 33 ^LS"! L>t_>jL> cigLL^gxJl 
JtL* j_a j t (Richard Head) J_a ^jLUj .1953 ^jlJ 

(The Life and Death of Mother LgJ j-a j 2)j-~^ oLj^>- 1684 j»Lp LLlS” 

j>Vl ^1 2 uLj 2)l5j 1 1862 j»Lp 4iplJg OwUpIj (.Shipton) 

( J^-3 • 1891 ^Ip (1)jSLla> ajL^jJI 2)} c 1881 ^Lp ^Jl*Jl 4 jL^_l> LjJj c 2) 

?1991 (*Ip jl 1981 fUJ £X* 

( j-* r j>js > ^\ v^pj *—p jJl ^ Li_Lij>c_^ 2 )j jJ^-x Jl 2)j-dJl j%J 

2)jScl^ i»l^Jl 2)1 (John Ballou Newbrough) j^jjJ j)L 2 )yr LJ 
3 ^i_p ^. ^g , s j cu L^ j_S2j>e_J 1 Laj-^pj 15j-w«l 2)1 j c1947 ^Lp 

O.J 15j .(2-U^ oJgo ^Jj c<. iy >cJl l-’jjjl L*_~dj Lyg-gljJ 2)15LwvJl 

<Ljj 1 j5 j-p j c 2 )LSs_a~JI j-p jJL*_)l 2)j-Lll js>~\j\ ^3 o j_jj_p oLxsjJ iiLwA 

(2201)- 


t (1834 _ 1766) (Thomas Malthus) y Ikij i ^^Jlp 

j>jJ^Jl ^3 (jllj jj-Lu.ll L^_jL^j>- ^jo cJl5j 

A_> L^_j ^p ^jjl jj djljL_>- ^ 2^-°Lutl 1 ^3 Lj^-I Oj15 j . L^-jJj^s^xllj 

31 ^3 ®l j-3^ L«*!)Lp ^3 2)1 ^3^/1 (_^Lp (^ ^CJLoJlj (Jp^j cLi-J»jl LswU_Pj .^-lL*Jl 
iZ~L^>j -<clLj jvJj - 0 4 ■ ■;-» jvJUJl jl (.1980 /Jj^I jjjLS’ 

^jjUwo-Jl jl (. 1974 /.Lp -^LlS” ^_3j7j 1 1982 /jl^^ 10 iw^S”! j~>~1 I 

.j»jJl dUi J Jj^j t (The Jupiter Effect) 

. jl a I 43 iw-d”! j5jl Cols’! aI j—. ijijj J5 (Jjjlj jl jiSjuJlj 

4j2Uj>cJI j jjjl^ c^aJI jjl L^_)L 1980 ^Lp jjjljJl Col-^ j j 


j -1 


cJjJl dJJS (_^Sjd’ i _ s _Lp 


U J5 jl 


Paul R. Ehrlich, The Population Bomb (New York: Ballantine Books, [1968]). (2201) 
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l ^L j jj ^»Lp 6000 

.1996 j>Lp ^JUJl 


L^jL ^ j-Jl ( Jl^2j>cJ A_oLp j*S> o^kUg ( j_P (J UL La ^JjLa t ^ILstwoJI 

Vj£l' ji^i > 

toLiJUiil ^ 3~b»^a ^p cuij (Jeane Dixon) jj-~$Lo ^U- y 

1000 cLLj J-XP ^J-i L)^ LLJ_J .dLb <2 jJj>c_> Lod-a (jl 

L)1 jL-uNl c5 Juo c^L>1 4 jl^> ^3 ^_JL*Jl Jj_L>- ^ddlj coL*^o^I ol^L p 
A^_L> <_^Lwvu>cJl IJw^_)j . A_oJ>b 0-1 j c A_L>jJg 
*u^(J hj-^ 2 -’) (3^p Llj ajL^ jJl ©j_& ^joLs Lo-jjj 

Quatrain 10-72 oL_d 4 _*_jjI) o-^Lj^JI 

LL$L>J jtSj .jib jtJj .J-Pj^Jl j-& olb 1999 jl (Nostradamus) 

Jj .^JL*Jl Jj . 2000j 1999 ^Lp JiU ^ oJjVl 

c ^Lo—**Jl j_^j oljjLlaJl .laJLwvJ) ^Jj t Y2K 4 _Lp ^_>j ^Jwo-^Jl j_P ol jj j_^wobLJl 

. jli Li ^JbJl ^.li 

^pLs^Jl JjJa Jl Jiljlj j-djLoJl OjJJl jb-ljl ^ j%JL*J 1 jlij 

c J_j wO- j-yg-Pj c ^Jwo j_) J-j j J_b J c a_>j j_j aJ j_>c_^-j c j_> 1 j 

0jj3j tjJjjj C b*_Lj OlpL>c-aj C A^S"ji oli j.A+/9,*j C Aj^dJ j|jJj3j t DDTj 

t j_*Iu jwLs^g ^JJJ cGM 0>»*2g|j c 9/1 lj c^llil <^^j>c_^J!j t AJoL^j j JabjJl 

C J J_JgJl lj_Jj_Lj2_dj t Y2K jj_0>-j cdjjj^l <-3J-A-J J C O-yfl-o^>c-Jl jLla-a^y Ij 


jL5lj c a * L 


. J-Jbjl j 




. SARS 


c ^JLoJi ^L^o'y ij c j t ^bsJi jijjig-'y ij «. i_>^_s* ojij i oLbb 

^3 O jJj .wbJ^Jl La ^_3 .A^aL^vJl CP Y LvlP Y1J C oiLoJl OljL^^lj 

C jjlS"l ^1PJ C ^51 1 C ^J^yg.S 1 Aj>c-vg C-oljJ t Og-l_La CjI j^Z AJ%~ Lsg- 

O^L:^ L^_*-wo^>-j oLpL>c-aj C J^./g,?l l ^Jwyg-31 L^_L*_JJ 

j^l ^-LlLiJI ^3 ^Ul Oj^jj .oJLo-^al^lj L^>-jJjj^xJlj ^^-*-^1 (J wv ‘^ j2j j-^-ll 
^lwtg-1 Ummj jLSbwJl 3J-P ^ ^151 ^j^aiLj l)LwA j C C-A-W 2 JI ^3 Lo-a 

Loli ( /^a ^_P^Jl ^l_Pj . A»woJL*Jl jl<2jlwtg-L AjjLa^s A^oJl_*Jl ^l^Jo^l 

.f-c_3jJl ^a ^iLkj (^dJl ^jVl j5" Jj^l JwsgxJl 

C->L*_3jjJl od-& 1 jJo 1 jjIS”j .^JL*Jl AjL^_> L)j-*3jJo ^LJlJ ^-JwwJ 1 c_3Y1 JJwa 
A_^A3lJJ CjLow*_Li ( /j_b"jL-a j»ljjJl IjjLS’j 1 oLw^L)^jJuJlj 

ilJLf- ^ jij 1 j-?w> oL*J^Jl ojj& kae Jb^lj jl5 liU 
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.aJL^JI ^_s 100 d)}j .d)^! Lla d) j-^-> ^j-Jj tol^-*^1 

CjL*-30 ^jJ JJl .4_LoJ| ^3 100 4_xl?lj>- (1) j-Sdj d)l \>Xs>- iw^X-yajJ 

%*IS” UAij *-£i t^jVl oLw>Jl ^ 

(J j_^_>c^Jl ( /^>S C_3 jJrJl ^4jL>0 Lo->J g-LS-X-yflJl ^-JlJI ( jJ>c_}J J ‘ULA>cJJ 

. ll)^>- jUai>- V *>\J J L_L*^>cj <U-w*»Lw*i1 *L_>- j}yj e-lJL 4-JlS" 

C OjLdS" wLj (.1)1 Ll-J-P d)lj t ^L^LjjJL.^a Aj j 15 y# ^LwJl y~^->xJLa Ij jJ_> c_j 

jl J OLw^LjJl ^ ji^Jl ljlw\JLa d) y&J . Ljj j_L? 

^Ls ^JLJLj i <l!jlowa a«*j^\JLp a-JlsLw* £_i j_j aJL-*^J l 

jSJJJ LJu*Jj .4_L*JLa-s ob>-ljJJL^l j AjL)L>c_» oULj > jJLJ l) 1 ^JJLxJJ 

Cr* ^ ^i )} ’(1745 - 1667) (Jonathan Swift) o^Lj— d)UUj^- oLJlS” 

. (( l.4.1Jg..a aJJLp jJ O^i ^ (l)L^voVl (1)1 


(1)1 y* ^^jlp t^_3 • d)^->^P' J* J A^lp_J J^w^Lv^vJl d)| 

d)l y~s***n aIIj c LJ jS Ijl j^s >-1 c_^_^vo ^jJ~S\ J^LdjJl d)| aIjL^JI a_> jJaJl 

Aj ^>- 0^jL>c^j ^l)woJl ^jJSjj . djL^x^J? L^aiI Aj^JajJl oJ_gJ 

«LJu3 c_Aj 1 J_t olij -v/2. j Oj-wfl Jj j . 4_1_> J-j p|jl ^_Lp jJg-j>c-L] oUIjuj 


a_>^>- j L>c_x>j ^IjwoJl 


l$j y& ^xJl d$->l^ aJ^L*^J 1 ^LwoJl d)l ^ jZj>\ 

c«^j«Jl^jl^))j t «^L^Jlp 1 d)ji oJj-5Ul» J^Lo j^i-jl^Jl jL^aJIj iJM^Jl 
(JjJLj t t^lijL ^Jl Jj >-1 L^j ^jL> 4^j^U 0 y* C 5 ^J ‘^(J 0 ®(^Xjj ^L>-L>cJl))j 

.cLLoL>o ^jjLJIs .^J-SOl aJp c ^JIaJI d)| clJJ 

^JJl oijJl ^ t«cJjPl ^f)) : J yu (j^U^ ^JLp SwUli iSljwA 

^*p d-> 1 1 jlS'UI ^pwL) Lo-Lo c ^^_l^Jl LSCjij ^Jls^ cLLiJl 4-^3 d)j^j 

4jjJ>- 1 d)j-^2-*_» y&J ^Lo-h*Jl 1 jX4mJ d)l ^L»Jl J d) j-^L^Jl J^/?-j 3->J .A_^oJ_^Jl 

0 L 0 j-^lj cil_*xJl d)|j .SJL5I oUijJ d)j t AllJl Laj_L« ^— ^^-^>1 
( /j_>jJl ciljJjl L^d-^ol ^lj-^ l -^ 5 ^ 5 -^ * (^5~^ d)l aJjULJI 


.^jL>o ^jjliJli .c^*Jl jJ ^Jl^Jl ajL^j d)i d/^^ c 
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ilojjJI J C 

4jL^j>cJ| . jjJda ^Uaj j_& OljJd*_Jl ^3 (JjjJJb ^Ugj (_£ 1 <1)1 

Jwb »J_*Jl J l t*_3 ys>- Oj*Xj ^JJgtJl ^JjJL ^g-J JJL> Jg-iiS 

^lll ^gg-xdJl oldJd^J AJl>cgj (1)As ^Jl ^j-Jj ^ALa ^^jgJl 

: 1»Lp 150 jj>J JJ> (John Stuart Mill) Ojl^dd* j y>- Jli jl5j .L^jJ-L 
^Jl Jg j £,Jl a^Ju>-^j LJj aJjL^JI ajjs >*Jl d)J 

(1)1 Jgjj-Ji (^1 ^j-y-y2 A-> ^-du oL5\_Lo-i Js>-*)l Nj C IjJlij-ygJ ^3 Aj1-JL>cJL> 

.<._ > I^-s^ 5 ^J-P All ^j^UIp 

l ^jJl ^jIjlJI .Ad_*-JLJl j^Jl jl aS" jj>- c1^Jj>cj *y 1 J&j 

( J«3 <Lg- jJ ^-J I W Jp U>J I)) l$j O-J-P I aJL I c A*~JJ I ((Jp UgJ I)) ^_i_*j 

^*JL> C (JJjJ ^Jl ^JwLoJl ^j_>w\Jl ^JJl jl ^s-^-yg 1 .(l)j 

^-£3 aJ»Pj C A^Pjygj-Jl JpLlgJlj £>liA3^JJL>- (l)j-L*^-> Jl JJjl 

Ijdj (jl 0JjJj>- AlJlaj 4 _Aj jgJ oJ ji-*_J Uj ^-^Ij <• aJLJL>cJ 1 ^3 d)jjJj>cgJ 

.oJjJ-g- d->l JJh-*-a 

c A-ig-LwM.il ^^Lp ^ly-ip^yij c a)_>jJi jiso^yi coj_jl*_i ^_j*ji dh 

^Ugj ^3 oULo f-Ug_>-l Jld& (jl k_ 3 d)l 1 jj>~ .o3JwJdJ 1 oLo'yi oLLyg 

ol« jJbcJl oj_& (l)lj t ojl jS> cJl Ag^-j^ ( /^_P A^33 Ola j_L*ys ^Lkp)/ ^-<yy2^ 
4_w<yl_*Jl d->LJw<y^Jl^ oULwJl d)l .^LwoJl ^oLojJ ^UVl ^5”^Jl 

,w\jwL>cJl ^JwXyJl ^Jwlll ^3 AjJ^ j*-P 

L^jI J*£* (. ALd>S J^P dw<yLp <dyg(jLwvO^yi <dwvJ (^^1 ^pp^'yi L)| 

^ (Peer Review) Jl 4_*_g-l^^Jl dJu^ ^.S^pj cug-c^ygl 

^Uj^Jl ^ (Secular Equivalent) aua^I l* ^^^1 jJLp ^1j>o1 

^_S”L>^ j»l»l jjJjj_^o JyLLyJL . 1PCC Jl t (Collegium Romanum) 
jl j*^Ji ^ jj_^jgjdv_) 'y ^j_>jji (. ^^Jj-Sji jijdg-'yi ^3jjgjc«j ». 

.IwOwbJl 0^/1 ljL>e_L 

1 Sjb ! (1) Jy jtS J J& C ^Jl |JlJl ^3 A>o j-Jl Aj^LJI lyJ>- 

,y^J -d"JJ Ji us^-*- 0 J-S’ 

(. A-o*!>J_P y/j t d->lil j^"~J (. A3jL>- dgl wLdL*_>a ^_-Jo j c Aj JwJaJI (1)L^I 
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Jl ^jojJl j_>col JjJ j .*L^>-j jJl jJ^Jl l-P' jJ2> Ojj-JiSj 

^yO jtS J fj j£ 0 jj>c3 Jljfcj t^ljjJl ^J} 0 J, -~S" 0 jJa>- 4-0 I O L*-<CJ>c-<J I 

^_^~j ^3j^Jl 4)c_*jj Jj j^£S\ j .aJI jjji Ojwb^j ^Ul 

. Jg-AS 

j-o2-fiJl A-JLwJl® Ao} ! 4_^>-L>cJ| 0j_J& 4_LocJ J»oJ_^- ^j_0 ^1 ^2> wLaJ 

.4_Ls_Jl ^_p Jwa-iJwfl ^^L>Jl ^JoJ-^ j_o j_a j . (Extreme Environmentalism) 

C 4-b"l jJ-J^Ij 4_o>^^n^J| j|jj>col 4 ^>~Lw*woJ|j ( j-aj_ll L-5^ 4*JLwJl SUo ^_£jljoj 

aj ^ I 1 i. . - ^ ^ I L»o*S" L*^ Loo« a-^S*I ^11^ --^ c —•—' w ^ I ^^-o*^-»o 

4-J-wJl J} J • £-JJ (1)1 JjjJl ^ I Jo J» 2 >- L.O 0 J~S ^IJLpI JpJP-l La JlP (. 4-o U j jJl 

^L*JaJl ^Ljl JpUL>- jl C Ao Jj_aJ| oL^>Jl jl C ‘L^-wJgJl ^P ^J^o2o2Jo3 ^L; Joa ^j_0 
^LJlo ^AjI ^pJo Aol C cll-jJlo ^LwJ I ( /jjjJl |j-&j .(l)3L*-<Jlj 

L jj-P Jl ^Jjjs 4-> J j-o^li-Jl AlL^-S" 4_jj C A^*-JgJl ( j-a o_3 jj>- £-a o_3 jJaJ-a Cxi* ^1 
pLv^j^/I 0-1>ljj .j-oJj-S" j-jjj-jj cIPCC j-^jVJu J C 4_^*i JbL-oJ 1 AoLoLo J J 
a1_9j . IPCC oL^>Jos ^3 0 Jo J-P ‘AJwJLj-v-a CjLa^jjLw^o £-a ^laj>JJl ^>~j Jj-jJl 
. ( /j-vJojJl ( /j^*oll)l ^y» jZS ( Jjjs A*-*’ JoLoJl (»_-j5Jl Ijoi-^3j j5JlIo \jj jS 0".-^' (»-* 

A^SJ ( /^P JjJ-AL*oJl ^Jj>co l A3jjgjjjl JL^I ( /^s jZS (J^ 0 ^j} 

o_3jJa)jJl ^jJl ^Jti^J-vOj i o_3j-o2-U 5j^>Jlj .IXAjIjJs? U^1p bl ^} C Ao^j jj 

t^-o>cj (1)1 La>- cl)jJ-Al*o JJl oLUjI aJ} i_ JJj>Jo j t o_3j->Jl JoJj>Jl ^i-wJl 

^AJudl (J^ ^(1)jJjJ>cJjJl ^JlSJoj .<sS j^Jl ^Laj^/ a!_*_9 


c3'jj' 


r" 


j J—3 


?^_lJ j_>^o c-i-s-S"))) ^Jj_>to 


0 J_j J->- 4_*J ^1 ^Jo>-l Ji j t AoL^o (1) J J_j 0 Jw^_*Jl jl^_Slo 3 L*oJ . ( ^^_SbL oJLPI 

o_«J Jo (^ 1^ A^_^-Jl A-Jw^^xo J Ls C ^^x>~l' ^^.P ^ I ^}i«,i^ i) 

^»J_>j *b^-> L>-AoiJL>c_>s oLJLo jl JjLwvjJlj c^ jJg-L-o,!Li .oLoJl 
(Giodona Bruno) jJj^ y\$jy>- ^yA c 1600 j>Lp ^j 
oji”^ ^ (Copernicus Theory) ^ jbCoj-jjb a_> jikj <u-pjJ (jjjL>- ^^-Lp 

^J>-l^ Ao £ L o-PJJ AaI? j_Jlo ^JwJlp I C 1632 ^Lp {^3 .^v>-^-jJl 

cJjJjl ^J S <-> ^Juv2o2o los(1)^1 ^L^5 v_LoJ| 4^^-oo>Jl OjyLo^lj 

- L ^ -wvwj I 2? L-J^j I ^^-V_J^ L ^J-S W <>W>-vj 1 (J} (J^j^olo 

,o*>V5LlJI ^Ijj ^ j -v-^-jJl jl ^i>-l 0 


C 1 ^ ^ 
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^ I Cw^jLo-a ^_3 I <Jpl^JaJl j <C_g_S\Jl 4jLj? UJu 

4jL*JgJ>cJl ^3 I^Llp t t^_3^_>cJl ^J-P ^>2 j>c^oJ| ^^AiLwa^ 1 ^jjLC^Jl 
JjJ->Jl ^_3 Lo«_w_L? I 
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dr* 


I J_p“ 


J >j- 


s^ 2 _l_P C 1 


^^LwoJl J^ij ( J^»-*j ^-aJ »>-1 2)1 jsS* (. ^*AJl*Jl AU jl_J>- <ujj •iSjj^ 

j£\ j2j <i*sS OJ ^ j>c_p j-& I^Lo-Ls .4jjJa_Lw»Jl jLoVl j-~° 4 ^v^ij^»JI 
^^LJl j_v2_L*Jl ( j-a J_*_>l La 1 jJ^-Lj *A-3 Cjlj_>t^~aj c j_>c-^ij c 

.^LjJJ (_£jjjJl cJjw\j>cD 

j-& I 1 j_A jJ (jjjjl(JjJL (. Ajjjjj (_£ j^»-l *LijJaCa jLol ( JJj>-S"j 

jS\ A*>-\jj <LoL^ojJl jL ( 1)1 ^j-*>LJl ^i-Pj t’ ^JjLLl ^3 jZS % )!\ ^a^Jl 

^jjjJl |j-A ^»pJj i j^lj . ‘Lo^Jg-P CjL»J><w 2 j ^>c-yflJ jl LwJ»P^ ^J-P Lajl 

. 2 )j-a>LoJl ( /^>c_L 3 t ^JL*Jl j^xj l^li .^>t-^vw^Jl _ (_£ 3 j_^-Jl ^^-< 2 jJl J_>Jj>cJl ^LwJl 

c S j^>- 4 jJjJ ^JLp t *JL*Jl jL*JJ ‘ 2 -Laj 2)1 (JjL>xj 

.Ij-o-^jIj jl 1 ) jJ jl>U 

4_*^ilj LLSLj- ( /^s Li jbj c jI-aIju^I ^-^*>1j Li^>- ^JLwJl ^j_>jJl ^ju_> 

*^1 4 .La 0 jJu cLLLl<>-> j/ ^JLp ( /^P LlUj 1 AjJ-> Lw?j a^jj c ^LJl 

^jl^jj c 1 j-& .^g-x^JgJl ^JL*Jl cJLygjl 3 ^>c-a 4 »JcJl C^wwm-Jj . 4 _LvaJl ( /ys JwJuJl 
J-U^ ^-3 CoLoj^-wJl ^-vuLlU ^ 4 _>JJ) ^ jg. 11 )) ^ W J.yg->IJ 1 ^ 1 ^^vOSjJl f-ljwJl 

1 cJLaj Lo 4 »JwJ l) <L~S>- t(iU 5 "^^s'yi 0 Jj>c_LoJl oLN^J|) 

L*lju c ^_*_^Ja_)l ^-JLxJl ( /^-P ^o-Lp ^Lla_fl_>l ^L^LwJl L)|j ccJLaj l» 

^jJji oLj>- ^_> j_L-l 

y%. ^ i C—I ^ Lj I ^j»<o ^ ^ .s *,.%«. .<>. 1 1 4„w\_^*-l 1 o L<-^c_l I 

.J^Ls ^_^j>-Lo| L)j^> Lo-Lo c Lv^^j t ^2 j clll^-vv*>3 djl i)jxi^sjj 


<^JlLxjj .^S\S w\J 1 oL^>cJl oL^.L -1 ^l; <2 




L* 


JJ 


.l^Jl 


o-L& 




^ 4^1_J J_) 


Lx_t 


4 _x^JgJl 


2 r* 


jl t ^_iLL>- jl c L)Lva^3 4 j^>o 1 ^j-ajLoj .cj j \ o^j^aLiII 

^_3 oULi^lj C ^_>3^Jl wL-wvJ Oj_ 3 ( ^j-a L-a <Cpljj jl C CjLjLp jl 

. 0 ^_*Ca ^A>1 j-aj C ol ^-jw>cJl (1) ^P Uj j! tjLi- C-.fl-y^ l^P^ C (J^.yg->c^oJ 1 


.Puritanism : Ajjj^iaJl (*:ic-) 
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ijjjo ^j C ^j_P ^JoJwoJl v—3 j_*_> *)J 

.A_*_> ^Jl A5jjJl 


Jjuj L>JU? Lj-w- (Environmentalism) jiy 

L* J5 £A loljjJl ^jA Al^S j^P ^jjLj C liUj I-L& A_>LoJ><u 

AjJj^oJl j A-^ JJLoJ I ^_P tJl^LL L>cjLl ^J5LjLj J . A^*»Lw*>^ I CpL< 3^JLoJl j_3^Jo 

C j_3j ^-~Jlj C ^j-ww*» L—wvJ I *• A-J J J-wvw«l>L) I ^j-oL-*>l <U_LwJl OlP J-^>C_^Jl 

^^_pji^<>ji ^jjl^) cpLwI. 3i cpLp , ^_^j>c_> 3 ■vajj >C _^3*>\-P^/I Ja^jJlj 

o-vJl jjVl cJ^° sL^Jl oLww*>Lw*il Ojj-^>=j ud*U' < ^ w\_X»L L ^ 1 ^ 


. Ais^p-I L-*»5 I ^ 4 Ls^_J 1 ip I A 

(1)1 j-j £_*-w*>) *lJL>cJjE J-jJ_>cJI l^JojJ ((Aj^Ju jJ I ^j_))) 
jjjl 


oliUaJ aL^ UIJlai 


jp Ip Lo- 2 >- 




^wui ( j^j JjliLUl 5-L>- \ iS^j-i c ^cr*-? 

Lsl c L^jLLa_>- ^3 a^oIwLw^ j 3 wLaL*1woJ1 ^_Lp t '-Jww<>Jl ^jJuJli .^_L*Jlj 

^5I aIL^J aJl . (Urbanism) a-Jo^L oJl ^1 p “AJw^o-3 j-> 

*La-JL>cJlj a^LwJJ ^L>wLoJl ^UJNl ( /j_>w\Jl u»° cJLv 2-<2_)^I t ^_L*Jl Lg_> 

^jA 1 J-yfl.3 ^^3 ^X3 dL*lJl ^3 A^a»J j_UoJlj ( /j^3 oJ-oJLwwoJ| ^ J_L*Jl L«l . A-) J jJL) I 

jjjL5j wi_>-jp^ c AjjJL>t^Jl jpL2_>tJl ^JaL>c_> .^_>t-%Jl a_l^jUvJI Jg ^^Lp 

C Aj^jJj>cJ olj0j_) Jj>- ^^_ip ( jp ^JoJ C f-LoJw^Jl ^P ( /^s A^*iL>j>- 

^P oj-3b><waJi (^JlSvjj .AjUU-os oLsj_L*^s ^JwojsxJ ^1 jLjLpI ^1 (1)jAj 

.^ip d->Lo->c-& (i)^j^_^_*i<^>ji^ 

^JL^Jl ol^ (1)| .*L^>^wvwoJl A-Jj_v^Vl WA-JL^JI® 

d)|j-A3j _ .1? j_5_^vJl ^A»J«wJ|)) A^-1 . A_j j^JE clLJ-P . < o jJ ^L^>cJl ^J-iJ • A-o jJ 


Lo 


jj-i Uj 


o A^wJaJl j jLoNI ( j-u ^L>t-wvo'yi 


3 jj -t^wa iJLL& (1)15 wLaJ .^-s^LoJl ^3 (1)15 jJl 3 ^jijLoJI Cj - ^ 

*^i-■’j- 4 J (. Aj j_*J c ^j^sxJl ( /^3 <lJy*j (. ^\J)Sj t Ia>- ^jli 

. ^jJl j_3 (1)j-j-Jl j5_s j5_Ls .A^wwJaJ' ^>3 ^L>c-wvul 5 LwA 

Jj^I ( Jw^>cJl ( /^j>c_}j pol d)l5 (1)1 J_La LajJl5Ij aj_J| ^j^LJl (31 

.c_aLi>c^3 ( J5Lxo <-5^/2iJl (^5Jl 

( /j-5vj .^JL*Jl ^3 ^LJl oljL%LoJ ^yg-3*y 1 Ai^sj'yi o5a d)| 

C ^Jwyg-3 1 A_>C-ytflj J t JjJ^l 0 j^3 IL« wb^X)Jl ^ d/^° Lt)UvwjljJ 
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jl Ja JlJl (1 )^jL*o ^*-A IL« 4_l«3j .^jjLJl ^3 (^1 4^>-lj ^^”1 

<j^jjJl jL-ji J-^_j^jj c oj-oJlj jjpUaJl y3 . 4_o» jfl 

A ^_L_*_)l^ C 4 -JL-o—^ 1^_L) Ojo»Jl ^J_o2o2o C (^j-objjoJl o^l^SJl) *L*_j^ j|| 

.oJ-^>- jL^b-l oJ_£_3 c Jl^_aJLj £-aJjji ojl y >Jl *U>-j3 oJU ISJj .Lw>-jJj_lSJJ|j 
C ^Jl j^_v2_*Jl j|^o>-l C JlloJl ^J-p) 4JL jj| jl^0>-j|| Cjlj^3 

Ly! 2^JL)J . OjLyaj>cJi jljOjj!L> (^jl jJwwJl jl ^JL>-jllj t ^O J> J jJl jl jJL>"jllj 

.cu^o-oJlj ( JJlJl jj& 3jJl jlS" t <jJJjJ 

c l^_> ^ajpjl JCS' J.3 j\J>-jll <Jsj_Jl Ipjj c_ 3jJaxJl jLolj 4-2XJl cj 

^-pjJl ^^J-Pj 4jjj ^ UllijjJ-**’ ‘*— J j- 0 -^ -jt3 .i»_^0 jjlo J^*_*Jl ( /j^S 1 _Pjj OJ>:JJ 
. ^J-OjJL**w<J I (J^_>c_> jl ^-J^Lw^Jl ^jJ^jAj tl jS>-\sLa ^c-y</2 1 03 jJl jl ^A 

.^JJJI ^jA ^jXS” 4>o y 3 0jl lixSjo ( j^J j^JI ( j4> tJ joI 4 jLoL>- ^J^JL^oj 

l^JwaJ>- JjI*oj oJ-P ^3 jJJS O-b-j LJ c 4jLJj>Jl J ji 4_^U>- J jj* C~~Jj 


4-J jll ( /j^jJj>s-Jl OlS J^>- ^j-O jj_Ls lijjbJ (_£jl • ( j-oJj>c^oJl £A 

4^>^^woJ| {£j-^A .)I 4-JuJl dJj>- 4»o^Jl jjjjl (_5^J .43jiaJlJl 4-JXJlj 

d4Lj&xJI j j\J>- ^y 3 j^J^j>cJlx>Jl c ^Jl CbLtf.ja.U ^Xjwb» ^3 L>cJ| 


j v9,>cJl j \wFN) 4_^ ^ ^ la Li ^oJL^Jl (jj J, ^aJlj cNGOs 4_^ j_5j>Jl j«s_p 

j^i3 C (CSD) w\_J I «■ j t L.X_] I I ^ L ( ^^P ) 

.oJj>tlx>Jl ^- 4 '^l oJjwXP Oll?Ljjj t ^yjj-°J t jjj ^3 

(Minoan ^Ijj—oJl jI j _jl^-^/I ^ Li^l jLS* j_>Jl jl ^_jjLJI 
y-ljl jl^^lj c ^k^jJl jj_s^Jl jl^^>-lj c^Laj^Jl jly^'yij t Warming) 
I^UJ J ^Ls 4>L>- I ^>s| j~JL*Jl j ^-^1 jA-\j\ jl ^J^-i 1^^-^ ’ Cj~t j 

jJaj>cJl ^jA ^ JI ? 4^>^ $jll |j_^J jLiil^o jl U-^j jl ^_l_*Jlj jLJl ^jj>-3 j_? 
(jLflJL>-l ^ ^_L^Jl_j . IwLwoJl ^J-SljJL) jl 4j j| ^c->jLJ| ^j>_3^_) jl ^oJw>c-o-ll 
.oUUl ( JojIjj oljLwJl ( /^p ^13 ijliAj t 

j^-Ji*wJl ^ 4_o j-vo j|I ^P 4 jj j-Jlo^xJl ^LwJ l ^l ^ 


Ian Plimer, Telling Lies for God: Reason vs Creationism Milsons Point (New York; London: (2202) 
Random House, 1994). 

(Worldwide Fund for Nature (WFN)). : b*~ JaJJ ^jUJi jja:.yg.ll (-:!:-) 

(Counsil for Sustainable Development (CSD)). : XL-ii jjL?:U ^UJl (*'ic**'icj 
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oL>JL*_gJl oLij_i? (1) , 






jLILsLla 


J 

^_Lp J-*-v=2-^ A_^jL>-a ^3 COjL^JI oU*>l_*Jl O>bo-J>-J C Oj >Vp *)} I 
^p.a_Jl^ c_3^^cJl jm+j t ^Lp ^ ^ ) L»»*3 Lw 0 l .!‘ - - ^ s!i ^ ! 
^iwL 1 1wLg-S" jj>- ^3 c Ojj^JLwvo j jbs>- o3J-gJL> ^JL*Jl ( J^JLLw*w* (1)1 L)MpL> 

C j-3j C 4_^-Ssj>tj 3jJ j>- jij ^ £ Lw2_*JLa oULj 

3lj_P ^j^ljJl C <Lwflj-Jl oU?LLJ| ^^i_P ^J-^J J^-^J 

^ JULj Jlp IjjL 1^! jI^MI oi 

jS t^Jb'y.s ^_1 _p 4_j^i oDLj>c_> 3 SjJg-j /»■ -^-J t ^j_>j_Jl *1—o-l_*_Jl **)!j-& 
Jo ^jl)I djLL^ULJl o-jL5 1 3 Li .4_sjj>c«oJl ^^5\Jwo_) 0 ^-jjULj^ t ^_>j^>-Lj>-j 
.l^j *y L^-^fr! 1 L)ii c ^3 (jLwvo^yi *Lw^vo ^jji ji^3*- v yi 

^Jl (LJL-^I JLlojLS”) (Torquemada) bL^ijjJ 

i5Ll* cbL5 I LJliJl V^L^' o'yiy^ Jb4) <(^151*)) 

. 0 j-Jaj>cJlj 4^ya_} jJ>cjJi 4»^L>c_^Jl jLSo'y I ^j- 0 ^_^_*_AJl 4_) Lx>_>eJ 4_> Li j_LJ olf-ljj 

jJLo (l)i ^JjLS"La 3lj!j t A^Jw)jJl 4_il?^-oLwvO^fl -Lio (ji .iljl bLo-bj^-9 
^ ^ 3 . v - S I I ^ kA_fl_o t_)1 ^ I Lj ^y^ H *->\j ^ c ^w-^P I ^ * ^ 

?bU 

a5" ( /j^s bj-JJaj L *^ya 37 ^uSLLoJl ^jL-o ^Jj>c-i>s ^w2jI 

(The Great Global Warming Swindle ) ^ 

^Uai>-Vl y* *!)L>t^*>W ^_Lolj| L)i !j-£o!j . ^Vs^- 

^Lp ^-LjlJl ^jj jJ ( Ju- 3 LgjJljJ (»_^J>o ((C^> LL y>cS I oj_A)) L)ij 43 jiaJloJ' 

bj-JJa_> j j_p JN Ij-jlSLj ^^ ~+.a >' ljjLxi>-l yj dJl 38 _Jl (1 )\y . DVD S 

4ibi>lj . (An Inconventional Truth) ig 4^i->- ^U-Li ^3 oLt^Ai 

jLSLil ^jJ 4^w<Jlp 0 UU 0 I (j j-w^J (jj-wJl DVDs Jl ^i^T l]L^ cdUi 
A) Lp ^J-P C C_^*_*lJL> t (l)^jLl>c^gJl 38 —ll wL>-l 

S0 w\_^S” ^u^>-Lp ^L^sl ^^i-p ^^.L^Jl 

‘LoJlJ Jjb>o t dUi ^ ^-P^JLj t <LoJlJ ^ pLki-l liljjfe jl JjJ> 


c5 3*>Lj>-'yi ^ig.x.gj' j_£3 ^Ua_?-'yi 
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Jjo j_£3 L ^P ^3*>U>-I aJ jNj .^-v>c_v2Jl 

^LLGNl CpLo-S" jL^I?N 4_woI*Jl 43^*_oJl ^3 (Jj>-*Jl^ A_*^*Jl ^vjlwLoJl t._> Jjp 

II! .^j-*j^IwLoJ| 3*y^l JJwP LllJL y&>x-} j^P ^t-L^ jj L-S" C J *1*9 ^3 4»^oI*J| 

. 4j^Ji>t5" 4J j^3 

^jJl jU .J-5I l~~jj A™-!' J-r® a-* or~J_^' ^jjAJl »-J» 

AjISvj Lw*j 2 jI l_£^_>- y> AjL Jj>cj AjlS” ^-L oJl j^xj AjL ^Ip ^5^^^ ^AwJl 

oUl aI yb 0 J-a I^a cLL ill j3 j J_3 j .Aj 3lya!31J A.?-j jj LdjLLj A^S\3 

Jw™o ^Jlp (GeorgePell) ^jj_>- LJlyuI JIlojIS JJi ^^wJujJl 

L>j_JL^v^A l3^1 *—3j->cJlj j-!l c9j-^-!l (_^^l Gil ! ^_L L> <JL_oJl 

j j_G> jJl t^_G>Ul ^^-i-3 • ^^Jj-SsJl jljJL^-j/l ^_P jj^ JaJLa oIaLp^Ij 

^j-ojJjJl <*JNl AjwL^jJ AjJj>c_/3 j-^P C^ V y jL> e_^ ^3 c jGwJLj ^j>-j l olJlj-^>cJL> 

.(1) ^Jj5dl wL-wvIl U 0UL-0I ^3 L/?-j.>cj ^ j»Jl (1) j.Ilaj J CoLvOlllj 
d)l j-*P .aU j^GJ-a Lj| c ^j_>jJl ^3j .4_*_wJaU jjGGa Lj| t/»jI*Jl ^3 

A^J > C^*^W<>IJ jjj . L -2-JJ ^^La’J ^jli J-g-3 ^ L>wLa ^j-vwJ wbJj>sJl ^CwJ 1 dG 

JGj 4_v?L>cjj t ^JL^*>j_<aJl oIaj c GLxU ^JL^i^xjl tjL-AGil ^3 jLI wLLG 
srr 11 ^jJJ . Aoj-*-!l j-o-!l £-woJ>- ^-P-U l 0J_*_> I j (Bach) jMj 

j_>jj>cJl ^LwJl Lo-5" tG->L>ol c wLJLaJ c^JL^ai 

A»^Ow\Jl ^ I 5! I (_)I _!^ —\_j L^wi^P^ . A3^^^^ ^P j I Aj w\J J C 0 ^ «wI* aI^^a> I 

I C ^whJl GiJ^ ^s>-J . ISCo^ <^ULJl ^0 C ^ ^ A3^-oJ 

(1 )GsJJ^P ^^Ip /»-^-A3( 1)1 (1 )^_PwXj ^Ul I^-vvwJ 

^ ^>^-wvJl ia_>^Jl (Religare) ( /^_>jJI ,a,JLjc>-Ij c GjLo-pj 3 j ca^Jo 3 ^ ^ ^^1 

aJ^L>- -^ 2 - j jj oLsjsxJl ^3 GwLa ^LJl aJ-U ^j^ajljwoJl ^jjJl ^Ja_p| jJj 

C A/23l^Jl ^jLJl ( J^aL>cJ |*-PjJl Pj .A_*^oLJ|j AjLcAoJI oLp 

^oJL>s-oJl ^_jLI>- (^JI CpI j jki\ ^j/2-xj JjwL>cJl ( /^jjJl IIa 

.^j^2^-Jl ^Jzxj 

^jS' IjL)wL>~ ( j_)w\Jl .0 j_-J>cJl ^A L^_l^ijLo-aj A^JujJl oL^SxJl (1)| 

.^^L^Jl j_p Gl (OjG Ujj^p (Pie in the sky) (UL^Jl ^ ^jJl o J JaUl» 


LGUj ^1 oUS/L 4 ONI Li 


U 




jl /ujJl JjL>< 4 j 


.GLL^oJl JwoNl 


jr° t J-^a-sl ^L^-i J-°L jl ^ 
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LI ^IzxZ d)i L^jISLjL LjI .(^lAZ^y I a-J^I ^jjwUl L 

.oU-L>Jl oZL& yo 


jr^ 


jJL) 


.i] yJz^ ioLj^j OIp^ jiDl jl a5 

. JLp ^_3*!>L>-I ^-Pj c_3L>cJ>-^/ 

«l>-*!)LaJ| oLo- d)^i_*j>tjj c Ax_~Ja.il 0^j>tjj c ipt^aJl (1)^-Ji-wJl (1 )j-~~~)L«j jJl 
i)j5y3j d-oJ->cJl ^oJ~fe_oJl ^3 ^*»LJl (1)1^ C 0 jJ j*Z) aJLo_^I ^1 oL (j y a yu <• '-I l-Ls 




LJI 


0j^j>cj ^ ^*_£3 c j j^j^U 4_JLJL><Jl Ax^aJl I j-^vo Ji j t A3 y><Zjs a1>c_sJ> oLa- 
aL>j-Lj a.v2-J>-j o>L>-j Jj-L ^ JJl jUo>l I)j-&j5Lj c d-5"jL»jjj-wvJl jl 

.Lj*yLia_*J li^l ^L_* <oIp ^JLJI 1^° . ( JJaxJJ A^3l^ JjlaLwS 

?U Ijl>- jly^Nl OIS' oil Ljj 


(jjX-W^U J C (jlSwjl -bl Jj ^_3 J^>cJ| jJL*-) J (1) J^Lwjl (1) J_~^jL>J jjl 

ji^yi a>jLp^ y JaJ d)l . a^j> jJl olil^>cJl yji>xZj ^^LJl ^Jl <ojxJl ^31 

LJI Aj^Jia- ^_p jJl ^^J-p <• ^LowbsxJl ^»JL*Jl J)j-Ji-wJl (1 )j-^wvoL>j jJl o jS (. ^j ^SJl 

f-\ Jl ^_~val Jl3 j C ^tS”l A->c-yg_» ^LoJoj C A^pLwaJl CIa l_*_^JL>e_<>J I ^3 (JjJal 

.^^LJl ^xS”! ®j-JiS’ cjL^>- LjjJj c oLlxJl a^-L^j oa^=lj l c-iJall s-LoJlj 

( /^^wvoL>j^1 ^a C^jJj>cJI ^JlxJJ AsUaJl A jl-ZS tjLs^j'yi A^>Ja_>l J)lj 

.(*-£ulS 


ji l_. 

UU-i 


LaLw<j jl *L ^ Jl ^Jl Lp 1)| 

L>cJl j>j <• <Zjjj}\ ^1 y>-\ ( j* a ojljj>cJlj ^LJaJl j-v2j>cjj (. <~j> j_JLU a^cJL^? 

(l)l^j jJ-s^2_)J .^J^3 J+S* ^ Oj-><Jl ^J>cJlJ| 

oJ->cjJ oLUJl y>zz j c (pLjJI j_lp 4_v^L>-) A-w-v-ijJ Lv^I^» l d^Jj>oj c LlL ^>3 
^_9j .3 j-^zS ^1 j.?! ^3 5jlj-v^ j3Lla jjSL» jj-3j .L«-^lj L>j-j>- U^-Lj 
^ l)li ^j-s-J-wJl ( /^-wvoL>jjJl j-L-o j .LwAj oL5'*>L^Jl (JwL*^ 3 J)^SL^i ^-v^L>- 

^oL>Jl jl ^-apLLJI s y^aj .AJiwai (Sustainability) ^UJl 

^j^?lj-«l ( j^uLxjJlj C 4 ^iL^J|j ^LwoJL jl C^-^jJaJl ^3 j^xZ ^Jy3l 


,LUI 


Lv2_3LJj Ls^I j-alj *>L^J>-J I 


C O J 4_J^| J oIpL>^> j 

.jlSLwJl ^j-p ^ 


(l)ij .O j-oJlj 4_pL>c^oJl L5wb>-i A^-l J_J t ix^JssJl ( _ 5 Jlp LAS’ iUjLpNl (_s-Aj 
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l$j LlJLP o_L^-jJI aJL jJaJl ^_£_9 o Aj>- jpkl <sS'jj 1»PwLw 4 jjiC) 
JiVl ^^Jp Llkp I JJL) j ^^p jJJ JJp ok- M ^S\ k^kaJli ^ j-™!l 

.AjJ^ p jJjJl jlj-o-^k j*-*-jj ^ *" kpLoP- jJL>\ 50 

jU cJjLajJl 0 jJL *Uj>c-^vwoJ| _ A_0Jl (liLo^l cIjI jJ ^ j*)\jo 

Lo-> ^jLwvo^fl IkjJ aSj ^1p Lla Ll*_v2j aIJI 

^j^?l j v 2 j_^_5sJl <Lo: j 4_jJ-»_L>cJI j j_v2_*Jl oli-L>tj ^3 ^Jw^L^jlU ^-ikk 

aJ|j^/ ajl*^^_JL kl ( j^Jw>bJI (1)jL*-j wLaJ .d)L5k*Jl 3 Jp ^_3 aJLjIjLJI oLjJIJ 
^ J 7 ^ L^J ! 1 ^ \s,*A^ Jy^ ^ ^ *3 I £• k»«U wX^Cjl^ C ( ^ ) «-\.^cj j 

*-L*Jlj ^1 p ^jk*Jl UJJ-pL-*» jJj .kip 50 (J>k>- 2.5 

^3 A^sL^Jl Olj^koJI AXjJ j>cJl A^LwJl O >kSklL<>Jl Aj>cJL*^J J^s >-jJl jkJl j»& 

ok& >»_fr3 .<—*S j^Jl 3jlj-<k A_>^Jlj oLJl y> ^j^2jljjJl c <4j_gJl 

Ka_jl^J|)) L^w»_9 c j-^p aJ^L^JI ^j_l_*Jl £-4 LfJ jJl>-j o*k5klk>Jl 

.d3^A^kLoJJ (JjJj>cJ| A»,^>Jp ^P ^Jp A^LwoJl A3^k^oJl 

C d)jJ-> Jj jj I A^>-j ^lp < * J1, kkJJ 0 j^LoJl iklw?^! Cr° ^1 

^ J <_jLJ 1 l$J ^jy^. Jj c a_L^ k o jJojJ ^a 3 y oli j\J>k-a (. aS y>z^\ ^_^-P ( ^_>j3l3 j*-&J 

.L^iJl fUk> i»U5a! A^S Lo«J ^-^1 aLwvw« ^yflj (jl IjwJww*! (__3 ••*_ 

^Lp UJ| <2iJ3 ^°J • 2)1 L^J-Skxj 2)1 j^aJl ^l>c3 

j^^kljwoJl t j^>c-Jl ^cJg-*.^ ^jJLwvw^ ^3j C (jL^>tJl ^3 oL*_Aj j-a Pj ( J-Jl>J1 

ULoJ^J ( Ja l A^wJaJl ^JLo-) Lo^y LlL*_9 <~JlS .^jL>«waJlj A^oljJL^i'yi 

C A3jj>c_^Jl ^j-dS" ^w2j (1)1 ( J^J t A^^wJgJl <2jjlPj .LaI)wO^Aj 
Lg_>sJ_&j ^^^-P ‘L^-wkaJl ^J->c_jj oL^J>cJl J_^3 (_5^^ (_5^ J <l)ti 

(_^5"j5" ^^kp ^ip A^w>- j]jy aJj^S" (_5^ 

<lJ J_A_l3 AP ^JJLa A-olJp Olj-o ^3 d)l ^j_S\_x>_)j t ^>Lp (jj_-La 4000 

.^jVl ^^Jp A-^wv^sjj A_*_^> I j j-kl k^>i- J~*_i oLj>cJ1 wL3 ^Jp 

k •> ) ^ • 0 J^&~J J Iwwj I ^y CO 2 J ] i ^n - - 5* I V«_^wl- k- -_) 

jl oLjJI (Jj->JI C02 ^ jjUl ^/2-k_>cJLll ^k-oj .cI^LjL-jJI kIj-^>cJl 
A^Li ( J^i f-lJ.■>✓?■>- (1 )^Svj ^jJ <^lj_v2_>cJl A-Ji-^Jl oL^L^wkJ «L>c-JjJlj .AuL3jj 

3 j j-« (P^^ y 3 ^^ lk& . j.^h->- *y 1 oLjJI ^/2-p^>c_1j (1)^kJl 

.0 ^J^)U>3 ollkco J olpkt>j Owb>cjj t^ljj^l 
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do jl *L>^j^j'yi ^1 -p l^ 0 ^ 40 j->cj cl)} 

^3 f-^)! yA 4j«oJl ^3 40 _Jl .O j-o jl ol>- ^JL^j oIaj . < > j-jJJ 4 j>cJL^? 

4JLoJl ^^3 40 jLojJ>-J C £t^-oJ-Sl j*->eJjJl t j^2i>-j'yi ol^-SsJl 1jjj .0^A3 ^_o| 
p - ^' i/*-> ^ <=-L;_ r ^l ^y> ^'-J' <y* 

jl oLjI IIaj t Low^-L^ jl j -*I Lo-^_jI ^J-p *1j-$-SvJlj ‘U3_jgjjI oL^Jl 

<2j Lw^Ls^*i jl ^*_P ^ ^aIo (^ y^+A ^J»P d-N>Jwi3 _)3 4 *JL^»wa>!I 

^j^?l ^^1 l ^3 e-l jJLjJl ^^JLo t e-J■> j_*Jl ^LJwwoJl c j-yflj>cJl ol5^y>- 

(. ^Ul JjuJj C 131-v/glS j/1 jJiJkjj C j-L*Jl ^3 Lv2j2j OJj>cJj C f-jjjjJ aJuUJI 

.^L^iUlj <—> ^jJl oL*o j J JjjjJj ^j->jji cjb.)j*y <uj»^»p j/j/j 

>' iJll t^joJL&jll ^A_P j^lyg-Aj ^1 C Oy^-*^U Lo^J ^J| j^J-JLwJl ^frJLg—> j/ 

( JJ1Xj t <dL>- Lj>- jJj_)J_) j/1 jl Lo 3jJ>c_^-jj .^-^1*11 j jo~> L> j 

<-_9j_*_>J . (_£ ^y>-l 4jllJ>- Lj>- ^Jjjwb} L^o-P JJ (_£ jJ>-l t '-w23 ^1} j j-JLwJl j y^^J lo J jJl 

jU-»)M Jlp 3UjlpMIj dUJlj ILJll ojl^jJlj cjisj)/l ^ *Uj)fl 11 a 
j~Ls-J| oLL- olJb Jllj . ( ' 2203) (Human Fragility) a_o j«v_j i j»v_? > c_i j 
wbjjJ jl oLwoJl ^3 y&JiJ jj/l <Lo^1^^ jXoJl ^jA i < _5^ • ^jl-1 j jJl 

C—Ju Ij jll O Uaj>c^J I jl ^_>c_l I jl 4_i LUl C3Uaj>c^3 jV f-L> j_^_5jll ^3 ^Jg-A.1^ 

.j-v^is-'yi ^^»lll JaJcvH yA 3j-il 

j-L>u 4^1-93 J^-^l ®(Jl® ^1H jl5 13} C lJj^>-l ^-wlj 

JJuJl jli t dlliJj .AjlJoj>-j HjU>-lj L-l^a j J-y^ 3 ll^ 

.^j-cJl O ^cJLL; J3j (. jH ^3j_> jJ <J>-lJ^oJl *Lo j_iJl 3*lJl ^3 jLj-cJl 

(^IJl ^loJl oj jJg-^l <l1L>c-oJ ^Lwalj jljJL ^3 3jl^-oJl ( yA Lpj_L> jl 

^3 4 IL 0 JI 3jl^oJl 1 j . 1 jLS" J-*J W J jl (Jl® oJj2j>c-« jloj/l 4^*^o 

oLwoJl t L>Lvfl-9 £-33 O-A-pl^OwU ^>“1 1 j-S-yaJl 

.^-l^Jlj C 4*J> r->/g,ll ojjwt>cJlj t ^Pj^jJI ?-Ij j_^5\J|j C 4jlH| 


j joJl ^-_>l® .0 j-~y^ ^ 1-o-P ^-^Jl jly^Nl j 

yA jlvoj/l jL j^l-fij ^ ^j_>ll f-*)! yA jl j^/2S>- <2j\S j2>- 


oJlP 




«That willing suspension of disbelief for the moment, which constitutes poetic faith .» (2203) 

(Biographia Literaria, Chapter XIV [1817], Samuel Taylor Coleridge [1772-1834]). 
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<U-o->c_j2J| j 4 .la a \ 1 i oLpLw*-^J| 0^/ 0 jJajJl oj_A ^ ^ > jJ ^LLqJI 




jv-* j-+ i=*Jl j! ^ y_y^> ^jrf.3 • (*-g- < ‘- f '-^’ 

^ 50 Jl j ./>>J 1 015oi> .Ojw^LuJl it-lo’ ^ J 


£* 


;UI 


^ rM 


IJl* 


(2204) 


J 


jLL> 22.5 ojIjJLj L*j^ 


.2005 (.Ipj 1998 (.Ip 


oJ^_5" £ o^JLl)! A^LjiVl jljJlJl GDP ^Loj>-^/I 

^Japi ^j| l$J J Ag-c-y^ 5 ^3 cl)l 

.wLollll j5Jl 

4^_p j^Jl ^_p ^Ly^lp o jSiz (Bj 0 rn Lomborg) jJ j jj-o 

oLLSJl /SJLSU o*>LJl> 0 J_2J (Boring Objectivity) (2206)(2205) ^j u<> _ < j| 

V ^IjwoJl j^xjj tv t V v5> jJcJI J ^Jjya 4-^oJlp CjL)wL>cJJ 

J3 (1)15 5li V «Lo-aJ| <UjlS ^l-UoJi oLwoJl_^ 

JpJg 600,000 t<Lo^-<Jl o*>\^vJL<Jl ^^Jlp jMjLL* ^-3j-n^ 

v $j-+-& v a_9 t <L>J_*2 l)I * j_^a» ^jLwLo ^Jl ^_>- wL4_L«-^ij t Cj j~oJ I 

^UJl 2 )^JjJI aj L^j jjp oJ->3 jl^L>-*yi ^LloJ! iSj'^~ a 

o j-5_a^ 3 <Lol j_p oliLy?j ^.Lp 60 v-_3j-s^ 5 l-^jj j_JL*Jlj 

(J^L>- 4-Jj-*-~Jl J-jI^j 2_J| 0*55J-^3 t Aj 2) jjl^o (JLaIp^J 

^j-v5j jLJys ^51 wbl^XyJl v^~^5sJ!j t A^c^.ll cj 

v 4 p 4 '-jww^Jl aj jJcJI j v oUl ^jp (l)lwL>w\Jl LowJg-p 

^->L*_jL) V ^ ojIjI jZS*)}] j j-*/ 2 JI ( /^—«J v A^JgjJ' oLoaJlj 5jL>tjJl oli j_*J 

^_Lp ^Jg-4-I' < >jJi ajI-A->JI olJlj-ocJlj j-ws^Lp^Ij olJ»L>co>Jl 

^IjwoJl j^xj A-5^1jw« <ui1?Lp c5->jl 1 ^}j L>-Ij>cJ| jZS^\ LLsA-aJl J-J->cJl 

( j_p j-s^ 5 «ui-5j>cJI ^L>c_)^[ ^JUa^j iiLL& 0-jLS"j v aJ 4_lsl^<jJl L> j-jLwvw^Jlj 

aS^>- 2)1 jJ-oj btyg-S 0v_i (. <^S 

. AjjJcJl J V—.Ja.] ' ( J^° a5i5>S L)Lyg-3 J->tJ £-L-oP *W Jj>cj OwL^-^ai j^3J>S\ 


< http://epw.senate.gov/public/index.cfm7FuseAction = Minority,Blogs&ContentRecord (2204) 
_id = 38d98c0a-23ad-48ac-d9f7facb61a7 >. 

Bjorn Lomborg, The Skeptical Environmentalist: Measuring the Real State of the World (New (2205 ) 
York: Cambridge University Press, 2001). 

Bjorn Lomborg, Cool it! The Skptical Environmentalist Guide to Global Warming (Published (2206) 
online, 31 August 2007). 
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jj jS j jS jjj jj f-lJjoI L» j jLjja j J>tJ k ^j-s^ w\JL] 

15j . 2050 cj jJj>cj 0.5 j!j 5^ ojl j> cJl ol>^3 ^-Ljjjl 
pj jJj c ^jLU 4j>cJL yaJ' oLwoJL ^jJliiJl *JL*Jl J5 aj j_*jJ 

.^<>Jl*Jl ^j^cJl '2jjA*Jl 


O'* 


A^slS” J|jja*yi oSjt> 

C-w 2 j 2 _>-J e-L ^_SL!l 


>Cj L dili ^j}\ ^Jpj 
2007 y\j^/]^\^i 2 ^ IPCC Oj-L^I t o^^SvJl Axj>^c>Jl ^>p jJl ^Jlp 


jia)» 


^c-^^ai I JjU 11 '. A3 l>c^J I d*J Lis . ^ I I ^ jij1 <L*i L~J I ^*j Ls^sJ 4_vj? *)L>- 

c ^vwJ ^1 Lojj 3 c ^bwoJl pLo-Lp d^lda a^o^- (_£dJl c 2007 ^Lp IPCC jjjJij 
|j-& ^.Jg-*ja (1)1 AdoJl ^3 90 A^-dj j^l jjdS"Lba LjIj CAP-^*dj>c_> LJ^Id* jl 
Idsj\>p ^s j jjJ l J-^wv5l ^jIj jldJja jjL>cd>j . ^j-5-Jl JgLJdJl jl jZj>-*)} \ 

ap jj aJ|j t A^/iLoJl ^Lp 650,000 —U Jja^l jNl jj>«JI 

j ^ ( j-oj\ja (j jS\^n^ 3 C j^l ^d>«doJl IJ-fia (._43jd> lib >L £ jJl Jl JgLlJl 

oCLj^Jlj ^_sLj2_>cJIj oL>j-« ^j_l>a <d_^>li t2jl-L>“! jJg_>- 

i A*_ij^<jl djljjdws^J LjJjaj ldL>-l j^*> *^_3j^*>j <• C-&v?lj-*Jlj 




oUl, 


oLp 


JJj~*J 


o ^ - - 5* 


o 4wo5a_>1 
• (( jj>l yiJ^M 

^3 j^*jj C ojl ^>cJl A^>-j3 ^3 A^oJLp d->l ^j-*j ^lp J"* J-5" cJ JJ J jJ ^-iJ 

Ojl^>cJl A^>-j^ ^3 o^J_*Jba OljjJ-il] JgJgJ>c^3 J J^^l CO 2 (_5J-^*^ 3 

^ AjI C jJ^5 (J jS JJJ jJ J-da (IjJ l2jL>a) CO 2 j-^5"jJ ^JulJL* (^pljjg-vgl j^3j 

Ojl^J>cJl A^>-j^ ^j-o AS^CJl L)J ^ CO 2 J ojljJ>cJl Aj»-j^ ii^P J->-jj 

Ojl j >cJl A^-j^ ^-^JJ •J J J^" <Jj5JJJj-f A^P (5^^ j-*>Lw*>'yi CbolS" CO 2 J 

A3Ls5| .^J-^f^l CO 2 jdwvw« ^3 -^>ljJ ^%-PjJl ^ l-^ljd>l Ajl5j>cJ| ^3 CO 2 

AjUU_ol jl ^S>j]\ ^^-Lp C ^-L2_p^ CO 2 ^UjjI jli C ^\ 

y>- (JAj l5-2aj .A-jg_>- C-^i J-L^Jlj ( /^» s <g...)l j-*^-> J-^-*-> oLiUalil 

oljljJl j c Aj I j c d-> Lla-j>c_^J I ^jgJL^j . CO 2 d->Lw*»L^3 Aj>c_v^ (^d>a j^P jlJu^l 


(Summary for Policymarkers for the fourth jJl p_>jJiiJl jiy^> 1 Jl I dj?*>LP (#) 

Assessment Report). 
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OljL*-ol C—oJ>c^>- jJ J ^lp 0 *X*~*S\ OUU-ol C-AygJ 

<jliL-« oljU-ol (1)} c cJlx^Jl ^^Ip -Ojl^Xx>Jl ^*^Jg.I' ^UajJl ( /j-a jLoNl 

c ! -A_-—A.^^r I ^-jLlJ oUL*-ol yo o20 _> (_£jj*\ 1 ( JwojJl 

L* (jj^JLwO t(JliloJl ^^4p) ^L>l 4^-yfl-i ^3 4»olS"jj CjIjL>cj2jI jJ-v2jj 

. CO 2 ^LwvJl 0Lo)M (J^Iaj 


4_>jjJw« j-wP lf_>L>J C 4_^L) ^-wl_>cJl J-JJ-^ <J J-^ J-JJj-> 

4_pL w*> _ ^xxJ < 1)1 L^-x5s^jj .( 1 )j_> j £.Jl 12 oUL^-uI 

*Lo_^ 3 ^*»Lw*il ^Lp) L5 j^o\ Ij'y^.i 17.49 ^J\yL»J\ ^- >c -^ (JL^-*jl^L> £-l_>^^_^Jl 

2)1 (. *l_L>c_x>J I cJj oL>c_iLa JL>^l^I> j .(2008 >._a-yg-iLa ^3 j^j^xJl 


(L5j-woI 41.34) ^_ajLp ^-Lj_g_SGl 4 _pL-*> _ .l?lj L*—* 

L^j>c3 jALwvJ 2)1 ^-4j>cJI cJj-xJ ^/a^-j'yi 2r°-^ • (^•^^—*1 79.50) 


S-jg-lJ $1 


36 Lj 1 I w\3 ^ . \q * 11 ^ 9 * Lj j ^ I l»JI I 

J^lj Uc^s 1300 4^-lliLoJl LoLoJl cu^ol ^ *• *2~-vwo_ 1L)1 e-L y£S\ y* J^lj L*-^j 


. .j^S^-j^l 43 U 2 JI w\»J y} ^aljJl ^_AwUj 4_*-w*< ^-Jj>cJ| cJj^ 


-Ij .2007 A Ip 


.pL>j*J y} L^Ip *\^s*xj *)I y^s I c AjzlS ^Ip^yI aj3j j]aM oL^J^yI ^^*3x^1 Lo»Lo 

. <L_> jp ctjlwb>-l cj C ^>Lv^X3 V y Ij ^ jLJL Lj>- jJyJu*)! i ^-S-0 >tJo LoJAP IwX5\_A j 


^>.3^ L . ‘^>.3^ L . ‘^3^3^ k 

Loj-5" Ijljjw*“l wL)j_> 2)1 ‘LlSs^o.j ^^_A^wJl J^LJLjJI 2)Lj 4_1_jL5J1 4_j^J ajJl l)j 

C ciU-fiJl t 4 ^_a^wo-a^J| 43La2-oJ 1 4_3 <uiJL>c^J L 

^ 4_oL*Ji j*s* oif-Lp^'yi (w>-iiajoj .l>- jjj->Jij l>- jJ ySj s J\j c ^jjLJij 
(3j-^ 2 - 1 wX^-L pLoJ-^Jl 4 _>^Lp (3^^^ («—<-UaJ (_£jpI -Xi j .4»oLxxLa^1 


jvJlpj tJL>- jvJlp illiA : (2207) (Irving Langmuir) jj j_oJL^ (Lr^ji JL5 

C L^3 ^ L>- iiLwA (jl ((jj y^J^l )) Jlij .«._4 j1j ^ (_5^“ 

c)^L>- j\ c I)j-LLa^>-j jL) ^-^<>^_3 ^ajajJ <lxJ^1J>- ^JLlL> ^j-^ljJl 1 >jJ_Xp 

^tAp^yi oLjjI ^ j-^LJl ^ • <• JUa^oJl A_wJjj c a ^ ^ >c_axJ \ cp! lj 1 


I. Langmuir, «Pathological Science: Scientific Studies Based on Non-Existent Phenomena,» (2207) 
transcribed and edited by R. N. Hall, Physics Today, vol. 36 (1989), p. 47. 
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! jj j-p |y ^ ^ o.xa ^ lj-*^" 
,1^jL 15" iwJtvfiJ oJ_Ji (_£3 J>sl*j Ja^>-*>^-o-iI ^i ^cJUj (l) 

. Aj j*j2 -Jl AjJ jJl ~L>- ( /^s > JJC oUiL>-*)^Jl £-voJ>- (1)} (2) 

433 oli oUUol 2 ]La (3) 

.0j^j>cJJ 4jjJl>os 4 _*jI j CjL> jk 2j /^Ss-oo (4) 

LoJl^ c5jj^ »—>Ij^- llljjfcj *a12j>cJ av?L>- ol^jj^o jJLJI a -v2_> (5) 

. JjLU 


^/?-3 LUj C 4jLoJl ^_3 50 t,_> j lJL> La ^Jl Jp5 £j2_i y 

J 2 JL 3 d)jj_>^>Jl 4»wLo-^Jl oJ_a .oLwwnjJI L^>&jjJJ 

.(1)j_*-JaJLwvo ^ c ^jUl ^Lul otpj 

Lj *)L Oi_»>1 4-^w*o (_£JJl ^-^-^1 jlwbj_) ^_L*Jl 

■jAl ^ 0 ^'^ U-* 

C—>t-Jl (jli C ^jJ»*Jl ^3 Lal_P 40 ^j-a ^S"! (_5^i ^^Jl jy~ ^*^ > “ 

iid)i 4-LyajLoJi l_w2_*_) oLj-Ikj c-^-LLaJu wiij c Ll3j iw^-UaJoj t ^o-L*J 1 

^Jj'y jJJ aa1L>c^<>JI SjjLJI SwLjJj>cJI ci^LsLJL iS" v y. ajljloJI oJ_>jj>cJl iw—-*^o 

^xSsJl jU t 4*_JLa *U3*!)L>-I 0jL*a iS^ *L>A*Jl t ALsLoJlj <L~»^j^»Jl 

^3 cJL>sJl L*5”j .^>LlJI ^I^LvaxlIj oJ jJ_ jjl 4 ^L>j>cJIj 4^p-U olsLJL^'yi 
jJjLLLJ Jli ^ pL^pj ajlI^LL- oULoj JLjl^Ij ^Lla_?*-I c jJ>-I <jL><—a ^1 

^ jLSLj.! 5J*>C i)U_* jl (2208) (1871 _ 1792) (Charles Babbage) ^LL 

. (l~^>“ aJLS.} jJco oLUl ( J^^j>cJ o^UJl j^oVl ) <_o-L^jJl (l) 

(ji \jj 'y oULJl ^olJl^o i^li^'yi) jL^Nl (2) 

. ( Aj jlajJi 


.(UK jl oUUl (3) 


K. Feder, Frauds, Myths, and Mysteries: Science and Pseudoscience in Archaeology (2208) 
(Mountain View, CA: Mayfield Publishing, 1996). 
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ol~o)M 4jJj>u ^*AJ 0 Jj Jj_oJ I ^ j_L*Jl ^j/2^) JpL>cJ 

<1j I Jj>-*)! I JjJL>c_jj .^aL*^oJl oj_A ^jji (d)LoJ J-$-^ Ls/2_P ^ ^S"AJL> 

i^-ws^SsJi j->-i ^aj>- t^\ jjlo t ^ ^j->- ^y^~ . i^Jls* o jj& 

*L^j) Aj j-*-*>Jj^\ £ UPjJlj <• t j-wJl jJ>cj2J|j C 4»jJ^jJlj <• 0C ^JUl 

j-* “(•j-L*-!!® ^IJjI J^> iijIjJl ^ys-x-ij .^ySLxJUjj ^ (j —jj ^1 

. Ju-li ^JJLp o j&j 



^Jjl^JLJ (Babbage) ^LJ j-jUII jjCjl ^1 t jll (t^S - _^JI Uip# : 54 JiLiJI 

J J .| <3 ,«.ll jljJL?-l jl j\-J ^jJI d^wo^LxJl d-’l—^ljwLj! c^Ll^s ((^S'j^JI Uap» ^J»aIj>cjL) .^^JuJ! 

(1850 _ 1300) ^aJl j!j c^U- l ^ Ual jlS* (1300 _ 900) Ja~> jJ! 

^j-> j jJLl! a jl oU- ji jl J I J-$Jl L^a-P-)) JJ .j-ysU-l j-o jlS" 


. aJ JjjL^ ^ Jjjca jl 


a^>-j3 ^3 jjIj j->1 aJ ^^JlJI ,l?LJL)Jl tjl Id)l ^*»LxJl Jl 

^Lp) o3J_*JLa *bjlj ^ A^L-Jl olS" y >cJl A>lJL>- ^3 o j_& .ojl^>cJl 

^JJI) ^w^L^Jlj ca^L^JI (WWF, FoE c jl> 

^jJl) t (o^lS" oli jj j_o ^»J-P jl jjj*sS Aj jJa_j (JL<>-*_L^L> jj 

"kj\yp*- a '->jji ^jjAJl) f-Lo-L^Jl t (ol—1 j^a .i ^^1 _p ojLaj wLoJl*_j 
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^Jl) IPCC _llj ( 4 JHI 2 w^j c IjL>o 1 d)jjL*io Lgo* l)__^-*-> ^p jO 

. (I y JjO ^kx3 Jj>cJ 15 L^jlJL 

ji ^ ip jl&j jjjj t?-L oJ-*jj 

Jjji? (Audit) 5 -iJjJl j»j_L*Jl J^LJl j tjljJcJlj t^i^L^Jl oLL^ 

L^sLaJ IjL^Jlj IpIjJ^j f-Ug-iJ <oLo-*Jl oJ_a o5_JLi51 jJL)j j_L*JJ J^'yi 
(*_—~5Jl IjJw 2 -J p.^pxiL j (j^ j>cJL^j *Ul*J 1 d)l jJclp! Mj . ijj>cpj 
jl5 15j c k5->L>c_>^\J ^jwL>c-a 5 Lla d)l j-^p t<5>L>c_}'yi ^J^j-ocJ j_JLoJ 1 

^3 ^jjL5>j ^ Xp t^-5 3 -^ 0 d)c Cj->e-JJ ^^^ jj* 

^5! <0^5 ^w 2 j <. ^td)li^^-*^Jl ^i_p ^^j>- 5l)wA (1)15 15^ ^->-1 d- ,s yu>c^s 

^^SJl jljUT oils' lilj cjU^Jl ^ UL>J vr>)^' ^L>Jtfl ^ 
o <• ol jJ^j >Jl L^Jl^J j -J dr 4 do>s 2 o L^J dJ-^>- \^Xj>~ IopjJ 

.^/?ij^^yi 5iij ol>&j *y ^51 ^_^<5 j^>- ^u>ejoi ^ 5 *^ ( *5djj d)j5j 

j-LJl ^ JLo-*ol *_oL> (Occam’s Razor) (2210 ) j» 15jl jl ^pj 

^ Jg. ^^ 1 j-^%ui)Jlj t O^li llL^>-l C_*»*_Lj A^wJg-l 1 d)li C aLp (1) jjli j_&j 

Jj2_>tJj .oL-v? J-5J1 jLo>- 1 .oULwJl *l^pjj ^ jJl j_^v_AiJl 0 j j j-yg-15 

.o>l^oJl ^>5 ^J-p ^3 Loj5 Ijl^o-l ^cJo 1 ^^JlJI Jgl5cJl (j) cj^51 4_»^JgjJl 
j5Jj .o^Jj>c-« 0 jZs*ru* c->L*_s jj (1)t a5j! <^pj3 5l)s^ (1) j£j L> $j>x^jj 

.^jj-^1 jl^w*“ S yi ^)ol jj (l)L^^l d)| cj4 -w^^ 3 ^CJ^oJl CPl_*3^5l C^5 j2j>-1 

LjlLlpI ^ jJlsJI 0 c ^j_L«Jl (^j-*Jl lj^w<>JL>c_>J d)| 

^1 ^J-p^ ^i5 L*^“od_A 45 Lo-^1 ^1 1 ^ 3 ^ .L^>" 

Ji j .4»o ^p j j-*l-> J5i^_> 4 «o j-^1 ^ ^-oLJl 1 j~S bJp 5 Lja (1) Li c 5iJ^ 

jli^p'yi ^1 ^bJb oil ^JaJlJoj 25 (Michael Schermer) y>j-^> J55L> jJ^ 
^ol ji ^j_JlJ! JgLJjJl (j) 4 _LjLaJ 1 4_)jJjjJl j . <lj j_*Jl j^j^I oJ-^-> 

.25 Jl oUaJUcJl ojufe ^ lo JiVl Jlp LJ^5 \J •• 1 


Stephen Jay Gould, The Mismeasure of Man (New York: Norton, 1996). (2209) 

Entia non sunt multiplicanda. (2210) 

M. Schermer, Why People Believe Weird Things: Pseudoscience, Superstition, and other (2211) 
Confusions of our Time (New York: W. H. Freeman and Company, 1997). 
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lM • £ 


LiJl 


^^Jl (Flawed) 
ooSUl c 


4_Ls_v^jJl j-^p 4 Lwo-l_^Jl oL>e_) 

->L>cjVI ^*2u L^ygJ LOo C 4 J 


)j^o C £> 


UJl 


(LJ^i) (Burgundy) ^ o^waJl ojl y>- <1)1 *IpoNI tdtLjl 

aLp ol cu>c-Jl ^p^Ij / ^i*_o*Jl j*j-Jl 1370 ^Lp Jo c—o->cj ji 

^^Jlp J-pL* jJ jl5 wL5LJI IJj* Jw*Jj 1 1370 j»Ip Jo li^l jl5 2003 

olJLwJl ^J_p Jj-v 2 _>c_U ^jlL>3 j_*_>j .*>LpVI 4_>Lpw\JIj 

(2213) jL_5 ^*>Lpj^ JJLi ( Nature ) <i_L>c_^J! ^j-SJjLJlj t oJ J_<dJ 

IJl^J ^LJ 5lo> J <51 loUa^l (Douglas Keenan) 


cjji jl51j 4j>c_v^ lo ^*-g-oJl ! Oo^L p j- 4 ^J-p l)Il5 co5j 
Jlj ojl^- ol >^p 42*>Lkj jl (Chuine [et al.]) ^jJ-lj jjjO 

^3 ^_*0 (^j ^)l ^^>"^1) L^o-l_P I ^j5Vl ^-5l 5"P U ^--^-<d' 

. j5jJI jJL>tdl <l)jwb IjIopI ^5 VI aJj>c^>JI 

4_Lj>c_>J j_*_^-IJJ jS>*-A Lg-O J5 Lo ^jJl ^JjVl 0 j-oJl oJ-& ( /j5\J ^*J 

. 4_l&0 oUIpoL 0j^jdj JLo-pI ^ ( Nature ) i*^JaJl 


^j-oJ Vj .^>b>t_P^AJ ©j-5^ (Stern Review) ^jLj j j-oJ> 1_L>^ jJl5 

<w.*J>c_*_> (1)1 (l)_^J-> ®^loJl J+-XJ |td-P^ -J 4_v2_v2J>c^J I ^^J^Vl 21 Jl 0>L>tjLv2Jl I jJU 

‘. J^2jdl <Lo-loslj 74 Jl j-<JL> 


0 5 L>- <Ls.yg_3 ^10>J I 


JL»» 


I )Lp 






(1)1 (l)Vl ^Lwod_*Jl JjNwJl 

A^S^aJ 

j™Jl Jj?LiJl ^yJl AlijJl 


, 4_P^JwO (1)1 .4 j>c_L5J 


^l)woJl 1)| J'J d>5 .i5l5 ( /^p lS-wJ» ^d^Jl JjjjJ 'y c L*»Ji3j 

N J c oA^5 oI^Lp^I I)j-Ji*wJl I)jJa-jibJlj I)j-^iL^aJI ^pj->j .aj>s_L«j o^L>- 4^a5-9 

^jdJj t UjI^ L>5 c ^LuJ5 L . ap^ wvo ^5^3 (1)| ^J 

(3 j2 -^ ^J IPCC *• a«a- 5L<>JI ol j-5jJI ^yo j^i5s_> Ua_>l *lJL>cJ| ol j-5jJ l 


I. Chuine [et al.], «Grape Ripening as a Past Climate Indicator,» Nature, vol. 432 (2004), (2212) 
pp. 289-290. 

D. J. Keenan, «Grape Harvest Dates are Poor Indicators of Summer Warmth,» (2213) 
Theoretical and Applied Climatology, vol. 87 (2007), pp. 255-256. 
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J*>U- jl : (2214) IPCC o_^^j .jfjuj 

. K 4 C 3 JJI doljlp)) ySji ( y <oL)j 2)15 ^c^aLJl 50 -Jl do!^-U-Jl 


2) j*JLS> d)l j*S* L ^>j_**Jl ^-IdoJl i y£* _j\ (jLwvO^ll y& f-^d dSC ^J_j 

J*)Li>- J JCa 4 j>-j 3 0.7 ^Jdo Ojl^_>cJl 4o>-j3 d)l y*o j_>J_>cJlJLj dOj^Lo 
Lj JdJ a W 2 , L<J| LsLp 150 _Jl J*)L>- dodo- Lj LjLoJ !J_&j . aoULJI L«Lp 150 _Jl 

4o>-j3 y dol.^3 y}\ d)}j c l*o^*-o LpLajjI ^wJ I J_&j .jJk ^Jl (_£dJj>Jl j^^*Jl d*j 

c y*^ ®jJ^^-Jl £ c>~ 2)L> ULw? d-^vwJ 4 d- s 5LoJl L*Lp 150_JI J*)C>- ojl^>cJl 

.^JjUI J 6i> L>5 t Jij 

d**o>dLCdJw ! ^J_> La £-LpoL> 1PCC oIjLp 2)^dd 4Jo><-a cd3jj>- jJJ 

Ja_>-^\-oJi ji^do-^yi ^-jg-.*-fl jl 4_jj_3j oj-jj_^- jj'y.s iJLw& d)i 2001 ^i_p ipcc 

.((^jJl JoldJl Jl JiVl Jp w>Ul L.U 50 Jl J^i>- 

ji ^jp 4 jJj Owbj^- j'y^ libjfc® • (J^ ^ < ' jL ^ > Ji ipcc OJ Lp Coli” 

JcJl JoldJl Jj t^-wvCo 4»w^L<J| UIp 50 Jl J*)AJ>- iaj>-*>L<Jl jl 
^L cJl d)| J^3 Cd9do-J ® Js^l ^J-P® oUl 5 43Lv^J (1)^dd d-*-*-JL> doJj 

j j~y^* cd*JL> c dJJ.s (Ji 4JL*/?j .<c%-s^ , LoJl C>Lp 50 _Jl o—iS-yaJ J^L^- <1)15 

^3 ^JJl jLlwJI jLp .IPCC SjljO>Jl t L>-j3 oLj ^oL<do ^ +JUj 

50 Jl ^y J->I^Cj (1)15 4o| j -yjj 0 j y** 4 '-Cp J JL> c 4d33 j Lp *doJ_*Jl 4d*o *J5- 

4 J J l>e-a 4jL J ^dd jl Jo |t-4o Jj . oliJ J5 /Jlo J 4 j I ^_P c <Lo? JJI Jal_P 

* 4_Lj li ^pJj (1)j^CJo • 1998 J-Ca ojl^>J| 4^-j3 t j^a3ljJ C— 

O^JJ v 3^s^3 (. JU>Jl ^jJU%w<Jl ^3 4 jjC^JI 4Cv3 jJl ColjLp Colol*_o! CC-^<2 j J)) 

t2100 J JJ>c_> 4^pl_w2Jl SjjJl J- 3 U Ul jJC^oa oJLx-s^ 5 ! 4 j*JJ ( /j>j J^J J^" ^.JI 

^-jjLlLa ^Lo 4odoL>-j3 10 ol>j3 3 ^oa jl^Co*-'Jl ^^JC-voa 1 )LpL>- 

J'yi ^lji 


0 JwC j 4JC_9 J-Jl oljlp doUL*-ol y~> 4^v-^*j^a 43*1 >Lp 5LLAi ^v-J_ 3 . Ua_>- lJ_Aj 


IPCC, Climate Change 2001: The Scientific Basis: Contributions of Working Group 1 to the (2214) 

Third Assessment Report of the Intergovernmental Panel on Climate Change, edited by J. T. Houghton, G. 
J. Jenkins and J. J.Ephraums (Cambridge, MA: Cambridge University Press, 2001). 
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Lv2^2J>cJ Sjj C^ljL*wo'y I +.A>1 J ^ jJ><Jl ^3 

i]j->tj ^Jl jJl ojJLSl ^JLJl jlS" lij j^>Jl J* L &y£y 

.^jS\ <SjS ^J»P oLXo-^Jl Ji” 


^_2 3J^UI <_>j_> wL>cJl)I CjU g_?-*^LoJ' ^wLp-| j (J j^JL^St 4_L>c_>j 

jJ cijI d)l (JJJ c «Lw*iLv^Jl IPCC 

^3 (J!^wOw&Lw*» J_3 ^^_>-l c 500 ^ (JLo-Xj>-I ^k/3JL} ^ L^5Lij)) 4jL^3jJl 
^b^i*>» s y I (1)15j» ! ^pJjJ I^Lg-S” i jjjj>tj J^AjJ Aj->c-a C-J-aL>cjj . 

J_>-I ^jJLa j ^^jC iiljwA ^~_2 tjl ... .yolJLjlj i2jL>i^:MI XaS- ^jjO jiS\ J_*_> 


( 2216 ) 


w>Ul LoIp 50 JJ JSMl Jlp ii^MJl 


*>u 


C5» 

J>j&\ jl> 


I jL& . 


jJ 4_*jJLa 3 y-^ **—->l j^^JLi 2JLl& C->15 J-A3 t jj* I 

Ml jl» : (2220) U^I JjJL / 22 19)(2218)(2217)-^ 1 . 

^-y2-3 5 jJL 3 ^j_^>t^o j_Jfc ^Uw^LoJl LoLp 150 J| *!>\ _ o _ 51 

jJl (_ J-pVI ^-Lp j-^ l)}j • j-1 

j-J^l ^Jl t 3J-_)ljJLoJl 4 —jJLSCjJIj i^o-^Jl oUsUlJI 

^Jl3 1 ^P *)!jy^a dL^yi tJjSZj jJj .(_£j^><Jl C-3^*Jl ^lp y-*^^ 

4_j^_> c_Jl Sjl^_>c_Jl )g *ai^JL, o-J 4_j^_L>s 0.56 ^_il^—:>-) Aj^JCs 0.01 

.(L>JI (1)J*)A->- iJL<>j>-^/l 


(j 


L . J L>t>s ^o-Lp ^ I j -yAJj J yySi 


4_1j>i^j 0-L^L>c_j J_3J 


Summary for Policymakers, p. 10, in: IPCC, Climate Change 2001: The Scientific Basis: (2215) 
Contributions of Working Group 1 to the Third Assessment Report of the Intergovernmental Panel on Climate 
Change. 

Stern Review, p. 3. (2216) 

E. Kalmay and M. Cai, «lmpact of Urbanization and Land Use Change on Climate,» (2217) 
Nature, vol. 423 (2003), pp. 528-531. 

A. T. J. De Laat [et al.], industrial CO 2 Emissions as a Proxy for Anthropogenic (2218) 
Influence on Lower Troposphere Temperature Trends,» Geophysical Research Letters, vol. 31 (2004), 
L0524, doi: 10.1029/ 2003GL019024. 

R. C. Hale [et al.], «Land Use/Land Cover Change Effects on Temperature Trends at (2219) 

U.S. Climate Normals Stations,» Geophysical Research Letters, vol. 33 (2006), LI 1703. 

L. F. Khilyuk and G. V. Chilingar, «On Global Forces of Nature Driving the Earth’s (2220) 
Climate: Are Humans Involved?,)) Environmental Geology, vol. 50 (2006), pp. 899-910. 


620 



L»Lp 150 _)! ol—&Lyg-^a ^_1 _p 


LojJ I (1) I ^ A i 


cfr ^ 


. Jg. .4 3 4_>cJ>-lJ 


., ^ (2223)(2222)(2221) , _ , ., ., , 

jO j^w2^ oJ_P ^jjO CjULo cJ Lo-*2 L^<Li 


. L& j>*_) Lo-9 1998 £3^3 O-AA?*-! L^lSsJj (. jl 

j£$ ^-3 f-Ua_>-l j^JUj (J J +JLJu 4 _L>c^j ^JjVl 4j>T A-s^Jl O 

N jJuJl ^IJblj t aIjIj t I ^3 f-Ua_?-lj L^J AjJLwoJi jl c*ulJL>cJI 

c JluJl ^1 _p • i j ( S -^ AI ^*a>x-) j c ^ 

4_3-\Jl iw^JjJ L AjLLL> c_^a JLP-Ij- 3 JgjJg-g- ^LoLwJl c_J 1 |^j J_^p| 

^Jju^ ^^jJl jLJ l y g ,p» j . (Order of Accuracy) 

®d)Lo® ( Jwo-P ^3 <lLU!l OL j-*.^a. 11 0 d_A pLL>-| aJ_*J j C ^J^pLLs 

A^>-j.5 cl)l ^J C ^vgU>Jl ^P *)^d3 Ajll^g*c-4 3jl y >cJl (1)1 ^S'J)\ 

A-Jww»o (^jJl ^LwoJl J)dg >-)) ( j_>s J_>-lj .Ja. >• .Jg. 3 3 Sjl j^-cJl 

^IjwoJl (1)1 A_>J)j <—^ Lw-L-I Sjl^J>cJl 4 j>-j^ j-^xJL) C «Ol_•>» 

J - <k ' ; -*-’ J^-Xll a-* Jgj_Iaj>cJl od_A (j| j^JUj J j^JLSi (J j_3jj .j^xSu 
jpL&g-cJl Jj_sljjo taj aJI jwLoj j_3 .ULwo-^Jij s-Ljj-ojJl 

. Lg_sd>- (w^>e-^ J^3 A^j ^oJl ol^bcju^'yi 

Ai^3jJl dg|jL*_> ^LsygU>- j_j Lxj ^LuJl jL a^ 33j_Sd<2j| aX>c^oJI ^Jj 

L J ~T^~tJ 0 ^d->c_^3 *^_3 L>- jJ I O j-wJl ol jlp) 

^J-P J 0 wX-^T ^ ■<>. 1' 4_^\_lwOw^d I ^_3 


*lL>c_^ d)L> t ^pL 


/2JL3I 


N ld_& j .3j-w23 5 Ja)j>c^j ( Jw- 3 ^LwoJi 


L>^lv2l3l 

.aL>c^oJJ 4_^31 J»^2^3 j A^j 


3^1_3 


Jl_ 


L. B. Klyashtorin, and A. A. Lyubushin, «On the Coherence between Dynamics of the (2221) 
World Fuel Consumption and Global Temperature Anomaly,» Energy and Environment, vol. 14 (2003), 
pp. 733-782. 

C. Loehle, «Climate Change: Detection and Attribution Trends from Long-Term (2222) 
Geological Data,» Ecological Modelling, vol. 171 (2004), pp. 433-450. 

S. R. Kotov, «Near-Term Climate Prediction Using Ice-Core Data from Greenland,» in: (2223) 

L.C. Gerhard [et al.], Geological Perspectives on Global Climate Change, Studies in Geology (American 
Association of Petroleum Geologists, 2001), vol. 47, pp. 305-316. 

House of Lords Select Committee on Economic Affairs, 2 nd report of Session 2005-2006. (2224) 

The Economics of Climate Change. (Volume 1: Report. Volume II: Evidence). 
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. f I I . , .. (2231)(2230)(2229)(2228)(2227)(2226)(2225) 

O' f-Lo-LPj L^a.JL-31 c J) * ^ U 

d)l Lo^P ^ ^ jJLj jJpj (J1 

^ J^LaJu j/ <LJL <GLoj O j-aXo L^j jS j ^Ajj <J j*JLS» a\j>^j3 ^/2_9 jJ 

* . „ i 

i J *JUj J J-WW-U 

*)/I ^ ^-1—^n^-OwI ' j Lo—*—*—*-*< j/1 c_3^-**v^S 1?.•%.•«■ .<>.. 1' A.JI 

4jJj>cJ ^/?,d. j (JLoJL>-! jjjLiJl 0j_A (J>l ^J • 4 '-'j'^lj ^ 

^JUl Jj>c_*Jl jjjLi)Jl 0 J-& ( /j^s ^SjJo ^Jj •‘-j-^ ^L*-> j»J j-^2J>cJl 4 ^a»Ls^a» 

JL>^ (. 4_)^L/2_3l ^^-Aj c j_-_fi_>J Jjj-SCoJo 'Mj 

?^lX*Jl L^jL*J ( 2ys ^Jw*Vl ^ Lg-J ^-v2^2 J>cj 

^JJLaJI ^IpO^y I |*_1_P c5 (_5^i ®jl*-j^l C5^ -J~T^~tJ j < '-^ : f c - xS C-«-4 j2j>-I 

oljL*JL> <JL1 _*jl<>J| 4^>-L>-jJl oj—J l jJIj <_£jl^>jl ( j^Ljc>“'^/Lj ^/?L>cJl ^J_*Jl jj 


^3 d* A A >~ ' Lo-S" C doLl 1_P 


-Ml 


c^l 


SjJl 


^Li ^ ^~p 


UJl LU- 150 Jl SlSWJ 


‘U^w^ 4j jj I LojJ I (1) I aJIlp*- j\>s 


jl 




JJLj 


C5 5 


aJ^lj t dLJLoJl oltUL^Ml jj-a_>cJ L^iSsJj c ojl^>cJl 
^J-p Lg_LS" oJ^ jr^ d->l jJLs L^Jl ^IdoJl ( /^_p o 


^L-l 


I. Byatt [et al.], «The Stern Review: A Dual Critique, Part II: Economic Aspects,» World (2225) 
Economics, vol. 7, no. 4 (2006), pp. 199-229. 

R. S. J. Tol, and G. W. Yohe, «A Review of the Stern Review,» World Economics, vol. 7, (2226) 
no. 4 (2006), pp. 233-250. 

D. Henderson, «Report, Response and Review: An Argument in Britain on Climate (2227) 
Changes Issues,» Energy and Environment, vol. 17 (2006). 

R. O. Mendelson, «A Critique of the Stern Report (sic).» Regulation, vol. 29, no. 4 (2006). (2228) 
P. Dasgupta, «The Stern Review’s Economics of Climate Change,» National Institute (2229) 
Economic Review, vol. 199 (2007). 

W. Beckerman and C. Hepburn, «Ethics of the Discount Rate in the Stern Review on the (2230) 
Economics of Climate Change,» World Economics, vol. 8, no. 1 (2007). 

D. Henderson, «Governments and Climate Change Issues: A Case for Rethinking,» World (2231) 
Economics, vol. 8, no. 1 (2007), pp. 183-228. 

R. M. Carter, «The Stern Review: A Dual Critique, Part I: The Science,» World (2232) 
Economics, vol. 7, no. 4 (2006), pp. 167-198. 

R. M. Carter [et al.], «Climate Science and the Stern Review,» World Economics, vol. 8, (2233) 
no. 2 (2007). 
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(jLs j C Aj>- 0 ^3 (l)lj C jljJL>-l 3jJ>-j 

^ 36 )^ 5 ) 0234 ^^^^^ 


jJl>JI ^L_j! ^jLwvJj jjLJl (jljjjJl® ^^Lp j~tP m iJ 04 -L>e-« -^"jp 
^^jLs^J (Irreversible) w^yJu jLji Jlpj «J^-LJl ^^iJL 

^l—JLLJ l_g—^L p I oojVl dr^J . a_>* 5 ^-j^-P' 

J—J_>- ^_3 L^L^» L—5 (1)Ljl_>c 1 j ^ Jg| c oI ^ -^-^-jlJI oJ—^_j 

^Jl ( 2239 ) _iJl>JI J olJLii Jl ^Jlill jLilj c (2238X2237) ^^> 

jjL; oL^Jl ij_>- j j»J_p jLw^^J (Meterological models) LiL^> J _o_J 

J jJuj oUlJJ jUiJVI JL_*j^I 11 * . ( 2240 ) tl j^ 

^»Lp <uLp c-olS” Lo-a 3jjl oi C-Jwo 'yI ^Jw&l>cJ .^yg -3 

^Llil 0 jJLil oLjwuLoJ OjJu ojl^->Jl «u>-j3 olJ ^1940 

0^JLli olJwJ^C C-OIS" ^p cl)l <lL>c^oJI j-S" jj 

(JljJ Cools' *l>c-uLs^ cjlj c I33I 


J 

t (2243) 
j! c 


(2242) 


Jjj-LxJl 


L. F. Khiluk and G. V. Chilingar, «On Global Forces of Nature Driving the Earth's (2234) 
Climate: Are Humans Involved?,» Environmental Geology, vol. 50 (2006), pp. 899-910. 

L. B. Klyashtorin and A. A. Lyubushin, «On the Coherence between Dynamics of the (2235) 
World Fuel Consumption and Global Temperature Anomaly,» Energy and Environment, vol. 14 (2003), 
pp. 733-782. 

C. Loehle, «Climate Change: Detection and Attribution of Trends from Long-Term (2236) 
Geologic Data ,» Ecological Modelling, vol. 171 (2004), pp. 433-450. 

H. J. Zwally [et al.], «Mass Changes of the Greenland and Antarctic Ice Sheets and (2237) 
Shelves and Contributions to Sea-Level Rise, 1992-2002,» Journal of Glaciology, vol. 51 (2005), pp. 490- 
527. 

O. M. Johannessen [et al.], «Recent Ice-Sheet Growth in the Interior of Greenland,» 20 (2238) 
October 2005, < http://www.scienceexpress.org >. 

E. Rigot and P. Kanagaratnam, «Changes in the Velocity Structure of the Greenland Ice (2239) 

Sheet,» Science, vol. 311 (2005), pp. 986-990. 

E. Hanna [et al.], «Runoff and Mass Balance of the Greenland Ice Sheet,» Journal of (2240) 
Geophysical Research, vol. 110(2005): doi 10.1029/2004JD005641. 

P. Chylek, J. E. Box and G. Lesins, «Global Warming and the Greenland Ice Sheet,» (2241) 
Climatic Change, vol. 63 (2004), pp. 201-221. 

B. M. Vinther [et al.], «Extending Greenland Temperature Records into the Late (2242) 
Eighteenth Century ,» Journal of Geophysical Research, vol. 111 (2006): doil0.1029/2005JD006810. 

I. V. Polyakov [et al.], «Observationally Based Assessment of Polar Amplification of (2243) 
Global Warming,» Geophysical Research Letters, vol. 29 (2002): doi 10.1029/2001GL011 111. 
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^3 Li ol ii ^555 L) J jy~* 4_L>&>3 <—3 j^-xJ loi” . j~oJJ 

^Jpj t 4_Jjl ^3 Lo->J oULo 1_^_^3 j ^ 1? ; oL~dj3 ^^Jp ^ -LoJP IJ C ^^J_*Jl 

J jJL 0jJ-j O-L^j c ^Lwo-Lp jpUj ^_Lp ^Jj S^-GJh* Jh^J 

. ^bw<>J I t^-j 1 Lw-1 

t f-Lsj e-1 (,_tLkjl LgjjJ ^xlI oU^>^Jl (jl j *J3jj (J jy*** 4L>c-4 lljJJ |*Jj 

1 43 Uajj L>Jj>- jZS*)!] oIjuJIj c4G1j»*J 1 4_o-*Ja')/l ( ^>s <jL iS"j 

. 4p IjwvisJ 1 ^ Lc>-^J^X^xL l^JL-aX^l 

^j^2J>tj ^*Jj <• 1-*1~5 O-iljl Ls AoUaj^Jl <5j5o*xJl Jy^j 0 j-y^ 4X>c^ C-JaP 1 

C L_v^lp (1)^5_> (1)1 >c_>_J C *L*_3J-j ^_£jJl cjLoJl ‘‘Low^S ^Ua_>j_Jl (,_ 0 1 j-v^Jl ^-3l^ 

. |jj>- L5>1 pj 

4_va^ jLoJI djUL^-o^l SjI>cj^ ^L<>Jl ^jp (G 3 .rn 3 .ut) ^Jjlp ^JL JjJJal 
OJj>cJo ^jjlp j j^^3j j-Jl (1)15 j . 2008 ^l_P UljJL^il ^3 Jlo^Jl La j^s>- 

^•IXyg.Il >Xx>JL>^woJ 1 d)^j ^5Jl> 5^ jJcJ 1 ^jp ^^\p*)/l ^3 ^1 yJL^ Lj 

c (l)b^w<>2J 


4jjj Oj 5 J . 4P LygJ 1 ^y> 

j-L/ 2-3 4_jL*Ja3 (1)1 I(1)15 Lo-Jjj t4^?li>- <u5iLj 4Pjy> 

.JU5 LJ 3 jlp jjfcj 


. (Lihir Gold Ltd) jJjp a5 


J-^ cr~^J 


1995 


^lp J-L* ^Jjlp (1)15 J 


3 J_^>cJl ^JujLlLa Ja. -S >c-x5l ^3 CjLLLJI ( J_^3 (jljJaVl 3 LS" 

(OkTedi ±Sjl | ^J_)J_*_lJl a5j_G jj-bi (1)15 421 Lo5 C 4 -uL> j^oJl 

1300 5 Jxusl ^^Jp Ly 120 c 1999 ^1 p ^xJ1 45^531 ^j c Mining Ltd.) 
c-Ji 50,000 ^3 ojjl ^^xJl oLLiJl ^jJa (1)^-5>s 80 L^s^lJaL 
.((P 3 pu 3 New Guinen) LwP IjjIj) (Fly River) j£ 3 lwGol ^Jp 

I^S[I IPCC jijX J. Oijj iwaS J>j ( 2245 ) C^ jl5 

^lp) ^-^->3 ^-P ojl^4>cJl 4 j>-j 3 ^Jp ^<LJuwLoJ1W ^-oL (1)1 IPCC G-JlS J-A3 

C ^jlJ ^_Jj_^X» _ 0_>e-Jl 1 J_& ( t (ijjljJ>cJl Jl jjlj (JljLoJl 


D. J. Wingham [et al.], «Mass Balance of the Antarctic Ice Sheet,» Philosophical (2244) 
Transactions of the Royal Society, A 364 (2006), pp. 1627-1635. 

P. D. Jones [et al.], «Assessment of Urbanization Effects in Time Series of Surface Air (2245) 
Temperature Over Land ,» Nature, vol. 347 (1990), pp. 169-172. 
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(2246) 


J! t 4 -wvoL) j-oJl ^-2 j->-l **_L)jj-a *■_L)l Lo-S” 

^j-a pIJJuI ^waJl o jLl>c^ JLs^j ol!aj>c^ ( j-a O Jj>-! ojl^j>cJl 4^- j-L oL-aLJi 

<_2jJaJl ys* £_>lj L&wLoJlpI ^xJl oLlaj>c_^Jl C-oLS"j . 1983 ^j>-j 1954 

.^UjwLoJJ ^JuL-*»'yi ^_2^JaJl ^2 (1)^SLJ 1 ^)^a25 |*_> C 4Ju-LoJ JjLJI ^>-LjJ| 

15 J-*_o (_£ji>-! 4jaj>c-a ^Jl ^JJL)ul 4Ju-LoJ I j-a ^2 ^y>-^i 4jaj>c_^Jl C-ol5"j 

! ^Ju La ^JLxJL (l)lx>c-Jl JJ .^>c-Jl J^La ( /ys I JLa yLS 

4_laj>c_x>Jl O-Lyg-2 Jpjy c 4Ja^>c_^Jl ^jjIj ^J_p d->Uaj>c^oJI jLdc>-l ^ ‘-LL) 
jl £.2j^oJlj C oJ-g-^-Vl ^_2 C ol j^-xJ iJL^k (1)L5 <1)1 t 4_LJ»3 Ol j-^xJ Lg_> jJ ^Jl)I 

Cj Ua_>c-<>J I ^jP^j \ 4_laj>c^<Jl ^jjl y ^^^-Lp *Lo LajLj^>-I -''L^ I d^lijl 

.4J^l>-^L oJI ( /yaj jl t £2j-oJl jl C 4-2^1 ^2 Olj^xjJl ( /ys ^JwJ*2 LgjjJ Ojlx>c^oJl 

L^vwJ *}hSj t^-2^>c-JJ ^w**Lw^ % yi ^UwJl (l)>Ll^-> <1)1(l)l3-& <1)15 jJL) 

^jjLj L^_La 49 —] y^-t c 4Ja_>c-a 84 o^_JJjp>Jl jLxj>-l *aJL2 . y^>^^>x^p 
£-21 yj* Ls^j>- LgJwO oJ^>-l jJ (1)15 t 35 -Jl oUa_>c^Jl yj* ^JLo La J . 4jaj>c-a 
^_Lp (1)15j <. L^_Lo i^La11 4iL*^a ^Jl j_v?j 1983 1954 4_i_LL>c-a 

^P 0,jL (_£ ^>-1 djUaj>c-a oJ_*J (1)15^ C 4_^a ^O-La dj\S j>*-> d-> Uaj>c-oJ I C-AygjJ ^2 ^ I 

. L^-v£? I J^al oLLwJJ <UJ-P wLoJlxj ^_^Lp (Jj-s/2J>cJ I Lo-a Jfijl J^a 

^iJj^Jl jl>-I J-& (P. D. Jones jJ.^ j) JjVl ^ JjI^J l c-JJj-Jl 

y yj>- yA (1)1 Sy (. (({£ ‘^-i'yL^Jl ^L-a j^xJy ^jg.-.^lI)) IPCC ^J^ 2 jaJ ( /^-o2-wvJw<>JI 
^2 y*a j^^xJ (1)1 O-Lo ^ySLs ( ^yQ oLjLwO <—jLJIj ^_2 (^^LJl 


Jl^ ^Leo . (2249) i^LUl Ojl^JSxJl <ZjL>- j2> L-^aLwal | j*SLj yyi 4Jaj>c-oJl 


(2250) 


uLjlLj! oJl5 


y .^>l_^ ^a ‘jjyy 4^2 ^JJl d* 


^a I^-JiL^a Lyfl_2ljJ 


W. - C. Wang, Z. Zeng and T. R. Karl, «Urban Heat Islands in China,» Geophysical (2246) 
Research Letters, vol. 17 (1990), pp. 2377-2380. 

< http://cdiac.esd.ornl.gov/ndps/ndp039.html >. (2247) 

< http://www.infomath.org/apprise/a5620/bl7.htm > . (2248) 

Z. Yan [et al.], «Trends of Extreme Temperatures in Europe and China Based on Daily (2249) 
Observations,» Climatic Change, vol. 53 (2002), pp. 355-392. 

<J j\ oULj (Ul jJL-J) (Dr. Warwick Hughes) yf- j_a> 2) jj \j j jJlS’jJI y> ol>jUL« (2250) 

(iJlil) (Professor Hans von Storch) yjj j y j jjL'j Vd-Ll ojlyk 1 lyCy? Z**\y> *y?£ 

. 2006 y jU /jl^l 2 t ^jX*JJ < u5\j j^V 1 1 ^<9 
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! c cJbji J3 (LUol C—w*ol y jj>cJ 4^wvwo^J| oLLwJl yo 4j>c-wsjJ 

<JjL>c^s jJ_3 J-a Oj_^j La jj_p c cLLwLj ( j-o oLLJl ( J^*j>-I jl ^^J-p -*->«-j bU» 

oLLwJl ^^J-P tJc-L] 4_JjL>c_>J 4_£Lpj C—oJ IJ_SLaj Ua_>- ^-al 3L>c_>j 

Cl—yg-3jj l oLaj_L*_oJl A_>^j>cJ oJ-j>cJLoJl 4_5LL^w^Jl jj_>L£ I 

j_4-a t^JLSL^J 4_JL-a j}\ ya 4b*c_*^J Oj_--^jj C OlJLwJl j|j~s^j 4_>lwL> *L*-aL>cJl 

c-*-L*_p~j .oLLJl oL _a jlwLv£?| ^_Lp ^-*-^b>cJl 3wL>cJLoJl 4_5LL^oJl ( y oLa 
yik> c_Jl j_*io ( j-a LaL p 17 J-*_i c 2007 ^Ju^jI /L)Lwvwo ^3 0 ^ 3 j_ca A-Jj'yI oLLJl 
jl ‘^L->L>c_)LlI y* 3wi»P > c d-*3^Jl cjLb . IPCC Jl Jlp CI^wLoJLpI ^jJJJl 


(2252X2251). 


jwLojJl 


«j jlS" y«A/o\\ y ^aLLoJl ^SJl j!^>-^1 


y y2JL> iSLjfc jlSj t IPCC L^J»p OwLoJipI ^1 oLLJJ jj-jiJ iJIia jlS” 

4—Lo-*Jl ^Jj C y jbDl jliLo^oJl jLo-pVl y 3 -*-*, J-aLSLJl 

j-LojJl jUI jl ^-«/?ljJl Cy 3 -? '4—*J-*Jl oLLwJl jlwLs^l ^y -U3UJJI y* 4 —*—JaJI 
jl 2007 ^Lp IPCC pLp^I jjj . yy*~a c-oLS" ojljj>cJl oL-al—s ^^Lp 

.^z^j>x ^p jlS" y y° i^ a ^' j^-A-Jl 

t. J jjJl ^j-vJj>c-a ^a ^J>L-a ij ^>o t CjI jC-a y LoJ jgtJ ( 2}»jJl LX 5 ‘'--JJ 2 -’ 

^Lp jLoJ ((^j_gJl l.yg,P ^ _J ^_> ^^ a 1 djlJLwJl 

.IpIJL>- J ^oLv 2J>“I ciL^aLijJl ^3 oLa j_L*^>Jl 0 j_A OJwO Jl3 J . 1998 

c2001 aLp La^j ^3 4^_>c_*_p-cJl ( /^a ^ySL) ^ Lv2_p^ IPCC 

IPCC jJyu ^3 J ^ L. j * 4 L^L^vJ| ^A-jI^..I ^g-i-c-La ^3 4^Lp OJ-S"jJ 

Lr^d j%-!j / ^^J^a ^^>sj| ^3 i)j3j-a oXJ»j OjLj>J ^3 C ^JLJl 

« c5 S’j_^Jl ly?,p)) : jL ^Jlp cuJLS” IPCC jl Jju Ij_aj .j^jl> iSIla 

(Jjj ^Jl OwLj>- jJI 43 j^oJl C-ol5vJ t {{ ^J> j-^Jl L/g.P ^ O-) LS" jJj .4^a^Ag^ jr^ 


D. Yihui [et al.], «Detection, Causes and Projection of Climate Change over China: (2251) 
Overview of Recent Progress,» Advances in Atmospheric Sciences, vol. 24 (2007), pp. 954-971. 

J. F. He [et al.], «Assessing the Effect of Land Use/Land Cover Change on the Change of (2252) 
Urban Heat Island Intensity,» Theoretical and Applied Climatology, vol. 90 (2007), pp. 217-226. 

IPCC, Climate Change 2001: The Scientific Basis: Contribution of Working Group 1 to the (2253) 

Thrid Assessment Report of the Intergovernmental Panel on Climate Change, edited by J. T. Houghton, G. 
J. Jenkins and J. J. Ephraums (Cambridge, MA: Cambridge University Press, 2001). 

IPCC, Climate Change 2007: The Physical Science Basis: Contribution of Working Group 1 to (2254) 
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, edited by Solomon [et al.] 
(Cambridge, MA: Cambridge University Press, 2007). 
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y&jlaS^a ya j^Jl Jap® JI^j Nj .(l)J*o^ll yy yy% jl^^-P 

.<L)Lo^l A^-^vo Jl y j^Jl jl y>-^k} i)y>-jy £-UJl y2^jj 

IPCC y SJjjJl A^-J_*Jl d->Laj-L*-Jl jLd>-l y> yj^\^yl I y* (jJI 
ojjJl (Peer Review) Jl d*_^l^-Jl cL>l>ol d~d>jl*J l*JdP j . ( ' 2255 ' ) 
c wbl^Io ^JaJI ( /^s do^Jl 4^-jL*Jl ojl y>x^\ 4o>-j^ d)l ojJaJl ^os aJj.} dJ j j.2> ^3 
C j_JL*o ^J l-LgJ LoJ-P jL ^Jj • ^ J>c-> VI oJ& ^J^&L>d> aJJ*^o 

^J-P dd-wjl d^L^lddd*'^ lo joLo <dP y^Py* d-oU IPCC (1)1 (j y&yjL± < 3 

OJL-Jl (jlo IjJLLJ J^>Jl JJ ^j-JjJl (l)l_S J . JwdJj j~^P d^J j_L*o3 

: (2256) diii /•> 2007 fU IPCC jSf <. 1> UU 

.^^JJI ^y A3^*.JJ ^^JlJl ^UJl ^Jl ^y aJ J> oj y &® 

^ 3 J>- (jl .y^^J)j}\ IPCC Jl ydy J 0 yyLa od^_S" djL>tjl dJli 

IPCC jjjLaJ ^wLodJl ^^->c-LJl ^3 ^Idd^^lj ^jJ-*Jl d)l ^^i_p aJ *)} $ aJ doi5 

C A-yfloU do?j_3^_J 1 d->L>co J1 .jJvJ ^Jj <• Li2_^-vo3 Ajl^ljCJdJ (dwOw^ij J_3 doli 

J . (IPCC WG1) Jl yjjLl J> ^J1 ^jJLJl ^PJU LfdiJJ 


lP L /?—Aj dijJ>c—Jl cd>L>^J J1 

J-02JJI) J-V2JJI 


dJ j_JL_P O J_2>“ J <. 

(2262X2261 )(2260)(2259)(2258)(2257)« 


dr" 


aJJLoI 


y^P y^ <J 1 


< http://climatesci.colorado.edu/2007/06/20/documentation-of-ipcc-wg-bias-by-roger-a- (2255) 
pielke-sr-and-dallas-staley-part-1 >. 

< http://www.ipcc.ch> . (2256) 

J. Hansen [et al.], «GISS Analysis of Surface Temperature Change,» Journal of (2257) 
Geophysical Research, vol. 104 (1999), pp. 30997-31022. 

T. N. Chase [et al.], «A Comparison of Regional Trends in 1979-1997 Depth-Averaged (2258) 
Troposheric Temperatures,» International Journal of Climatology, vol. 20 (2000), pp. 503-518. 

Y. K. Lim [et al.], «Observational Evidence of Sensitivity of Surface Climate Changes to (2259) 

Land Types and Urbanization,» Geophysical Research Letters, vol. 32 (2005), L22712, doi: 10.1029/ 
2005GL02424267. 

J. E. Gonzalez [et al.], «Urban Heat Islands Developing in Tropical Coastal Cities,» EOS, (2260) 
vol. 86 (2005), p. 397. 

K. G. Hubbard and X. Lin, «Re-Examination of Instrument Change Effects in the U. S. (2261) 
Historical Climatology Network,» Geophysical Research Letters, vol. 33 (2006), L15710, doi: 10.1029/ 
2006GL027069. 

S. A. Foster and D. Logan, «The GeoProfile Met Data, Exposure of Instruments, and (2262) 
Measurement of Bias in Climate Record Revisited,» International Journal of Climatology, vol. 26 (2006), 
pp.1091-1124. 
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jl ckJb I^Sjld hiy 53 ^ 40 iJL* cIPCC yyd c(^Ul 

. (2263) J^il IwL^J ^jJ>-T IjJw<>-P 

ol ^1 -p aJ*)I 3 J Ju |j-&j ^^.*./?^wJ ^j^xs>-\y Ij_Lo-p ^jL cJL^j^>-I 

-IdoJl ;rOLo-J ^*_*^g|j 0 j*J*~*i0 4_P4_*_jldJl dJ_L> IPCC djIf-Lp-il 

j (. ^-IdJl ^Jw«L*jo co^L> c_>3 S0-*J LjUjJI L*JgJLa ,j^Jj 


C ^ UwoJ 1 

c ^tdJl 

L_>-jJj <. cLLLaJI *_Lpj c «Lww^-*iJl ^L>j-ojJlj c (_£jj>JI ^-9*5^-*2l 

£-^d J5 ^IjwoJl ^oLo-J ^*_*/g|j ^>3 4_P^oJ>c^oJl oO_gJ (jjj . Lj>-jJ^-^>cJl^ ^JjUlJ 

! Js>~\j Coli iJl-LAj .JgJLs oOj>-Ij 4_*i^ljwoJ oj ^J 0 ^~5D 


^LJL)L> cl) j*s* y Od-U'j 


-LJI 


J lW" u~4 


.JS^-I Ao 


j Ikdo olx3 jJo 


, jkdJl J_j wLjJl ^p IPCC d->L*_3 jj IjJ^S d_oJ-P oU^jl ^2 _sLJ 


.C)LJ)M <ul^ ^Ul ^J^SCl jl^Nl Jbl^l oUL^JJlj 

1 ^—> c <JljOoJl ^ ^_Lp ^ 4 —o—\ « JI d^L^ljj-Jl o o_& £_wo-^- IPCC ooJL_ 

JaJl <doJ-*Jl A>jjdJl 2003 j*jjj /i)\yy- j^_d ^J-P ^2 -w2j>cJ 

^Jld! jLJ^I ^Jikil odd. cJlS’ ol Ji^dU (Natural Hazards) 

.od^-S" 4_3*1 Ap Oj>e_> CdLw4jdJl ^-kx^fl ol Ojj^J>c-oJl ^ c dOO»l J CO^^Jl d^*^S"l 

Jm^J I C. ^ L^W«»vO I >. 'J L l—O ^ j'/? .».. A i*. 1 I I ^-..1 - - - ^3 —.1 L*wA I l 0_A J 

LoLJl ^3 jdi _>jS ^3 ^oJL*Jl oljj->cJl oULo yS ^»Lp 100 _ 44 L^JO^ 
^3 j-^2 ^j J_p t (Global Runoff Data Centre (Koblenz, Germany)) 

jlko'yi Jj-k& y ^<JLp jJ*j iJldA ^J ^ ^^^ailooJl jl Ojl^doJl 0 U 2 -AJI 
( J_P d^>|j^ ^3 cl) jkJ^oJl cJGj . d^P lO-jg-yg ^ I jLo-S^I oLw-Li olj-j ol J_Oa 

jjL^ : (2266) 2 0 03 Jl 1925 I 5-Jb^uJl oLJJl J ^iU>J' 


J. McLean, Prejudiced Authors, Prejudiced Findings: Did the UN Bias its Attribution of (2263) 
«Global Warming» to Humankind (Washington, DC: Science and Public Policy Institute, 2008). 

C. Svensson, Z. W. Kundzewicz and T. Maurer, «Trend Detection in River Flow Series: (2264) 

2. Flood and Low-Flow Index Series,» Hydrological Sciences Journal, vol. 50 (2005), pp. 811-824. 

T. M. Smith, X. Yin, and A. Gruber, «Variations in Annual Global Precipitation (1979- (2265) 

2004): Based on the Global Precipitation Project 2.5 Analysis,» Geophysical Research Letters, vol. 33 
(2006), doi: 10.1029/2005GL025393. 

K. Andreadis and D. Lettenmaier, «Trends in 20 th Century Drought over the Continental (2266) 
United States,» Geophysical Research Letters, vol. 33 (2006), doi 10.1029/2006GL025711. 
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y* I ^'y? ^^kJuj Ijl J 3 ^ y 3 ^ c_ili>Jl 

^^ji ji j^~ ^ I ^Jl: (J y~ IPCC J J ^J2JJ (J ^JLJj 4_L>c^j ol*i jJ £-woJ>- (l)j 

. 4 J J *y jjJj>x3 y>*-> ( J^~oJ ^ aj jl~cS>-l j ojl>tL« Cj 15" ^Sk^Jl 

23 51 ol> i -ys.11 ccli IPCC _U <c^L^Jl ^-x-jl^a.j iLv?*>C>c_i 

^lidl ^/^CoJ *• jkcaL <c^jL^» aJLJj OjIS" -Xi j . 2007 ^Lp ^-o~> Jp^.1 

cLtk J-*.) ^ ^J^Jl ^kll IPCC JJ jJl ^j^J kll j-Co j_aJj jJ-^JL <3*y^p 

a^U>.«JI ^*-1 a^jLn-wvJI ^g_x_;k^J ^3 ^j_L*Jl cli ^LJL j c 

/^SC L*w_L? I c_& 0 \j . ^ cJlc J L ^g.3 k~*J I cc LJj UcJ I cc-j IS" Lo_Co 1 L^-Lp 

L*lp 160 y* ^Lp 100 ^3 31 ^C _>1 iC^iL^vJl ^_*_j !•1 CC-Coj *Wjjj-*^ 

2)1 ^A_p xk'LJL cj j_j IJc *j .wLjI^cj ajc3C_J1 cc>IjLp cc-jLS" icc«^>- c <cw?LoJl 
iiLcft ^j»*w.cC->wL>cJl ^Lc>Jl 23 ^>&j *y ^JcJl ^ ^^0 C^-J^-^^-ll wC^ws^S” I 

.ojl^>Jl A^“J^J kJjJl oljlp ^ JbljlSl yj A3*>Ip ^^JlP 

cc-*j>-I jJ LJL y I <^y>- y cL- y}\ cj A-^k^Jl ^*_>Lv 2 J a(J y£ 
y LJL y\ ccl y^> I <_^-^SsJ aJjL>c^s 2iJj C-oIS” L>*jjj .Lk>- lc_&j .2005 _ 1900 
0 jk*Jl 0 jjfcj .o^cJl oCjk aJcJI y 9 ‘A^vJ^i . (Bali) JL* 

cc>^l^jl aC_ac] i ccI 2^ljj>-! 2 )Li l^ &> aj>c211 ^3 y>-^ f-Lp^'y ajLJL>c^ 

O^lpjj A>c_Jo ii^y>Co ^LJI 2)1 ajl*jl>- y* jJl ^Ip-j . 0 ^CaJI oJ_a (JtAS^- 

a^wvw^-2JI 0j-&LlaJl Ja_> aJjL>c^ iiLc& C-^v^J aJI 'yj t<C^^wo-CJl A 3 U 2 JI ^_jj jJ 

f-liaPj ^>c-Jl ^r.lg..*> CC>L)^CwwoJ ^oJL^Jl Jg*A»^CoJl^ C A--oJL*Jl ^T-k^l 1 Ojl y>- A>-jJj 
jl C Oj^Xj C CC-3wC>- ^jVI 43"^J>c-<>Jl 0^SiJl-3 ^ ^JcJl 

JsNjlJI 1 J-^S" iiLc* 2)1 (1)LSC» d^l ^3 1 jJL 2)1 ^JaC-wvu Nj .^J-Aj 
iJlcA 2)1 (jLcJ a^cjjUI j < cj>-^ j'yij L>-jJj»^>cJlj a^SHaJIj <c^wo-cJl ^Lj^aII 
A^ikwvJl ^k -*_)j .CojJiaIIj ACjJj><J 1 ^ICoJl CjI j^xXj A^JLw* CpLj^Iaj 

p1 t g J»p t^l^»o'yi ^»-,-----.-^- 1 'y ^ 1 -kL«»vwJ 1 cl 3 ^j^jk^w3l 

A^>-j^j ^g-^vwOwCJl kkljJl ( /j-o Aj jlAStAp iilCfii (1)1 (^gdl oULJl 

^_3C_>- C_3 cJl kl—2cJl (1)1 ^_Pj .^^_A_*_)l y>Xjs y^^y ojl^_>c_]l 

1 wC^- aJL^ oJl < cj>c_jjLJ 1 cclitA-*-! 1 y 3 -^^ j ^^ aJI 'yj t^lcccAi'yi 

• A*>j 1 ^ ^ *^**^ 1 * *1*^ 1 (C^ ^i ^-3 .A.wXa3 c o^ 1 1 ^ 1 1 

m 1 ^-l—l.- V^ C3 A^*> 1 ^ i- V^ cl 
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jjJL> <-woJL*Jl SjI jj>cJl £jijjj ^Jj .LjLjwoJ ^Jgj *y <L^wJgJl d)| 

Ja_wJjJLa J-9 j .4_ w gL<>Jl 10 Jl OljJ^vJJ 4_L^3 jJl CjIjLp oUL*-ol £-a 

|j-kj .oLa^jjL^JIj ^oLojJlj Cbl*3jJl ^wo->cJ li^Ai>- c A^<JL*J| ojI jg»Jl 4j>-j5 

.Aw?L<Jl j»lp 100 Jl J*)L>- OjI j^>cJl 4j>-j,3 ^^3 J^^l\j jJ^\ j* 

?ojl^>Jl <^>-j^j (jj_>^SJl wLw^S"! Lj ^.o J^LJjI 0jJ-> (1)1 LlJ_p ^Lp 

jl^ig-'yi ^wb^s IJj& ^5\Jj c 1976j 1940 ^^gj'yi c-o j_> JJL) 


d)L>c^wgJl ojjljjbs oLwo.5" 


4j*y t jLwb'yi 




Ij wb>- £_jl> ^*-wvJl (1)15 tajj ? 1998 j_*_i La jij\ jj_p jj* L^3 .L^ygJ \j 
(1) jji Jl jl'y I^Lo-Ls t (1998 ^UJl J>j_9 j-bo Jj L^*-^Jg 

L)j^JL*Jl (1)jJL)l JJL) ?^>-1 Lb-b>- (j! col^blj ^^2L*Jl 

Ol I {_J^ {_)****^ ^ L ^ a^2 ] I ( ^ wb^L^C-1 I wwaaJ I ^^ jOS I 

<KJL*J3S>- ( /^a ^_P ^J| ^J-Pj ? j-.wX^Ji ^XlpJl j-v 2_*J| J_*_) CJ lj-> jJ j^Jl 

»-LboJl JL> jlC jL*_3j_j jNI Lb>jJ_9 C 5j-yj aS\ 

2009 ^JJl JJL*_)I i _a ./} ’■ 1 Ji^l tJ l^l 




(2267) 


^3 Ijl^Jb>-I jZS')}\ <2 j \^bwvJl jjL>c2Lb^a o\j& L)i ^3^JLoJl 

<lL& J-a ol^Lp^l oLjjjJl ^-Jg-^a t ^3jjJI I j_A ^^ 

^J-a- 3 IjjLa jj (jj_iJj_*J! (J^-5v-^a L Abai C^L*_3jj *• ^^LiJl (jjj_4_U 

J5kll jlSC.1 


y> 


(2268). 


i-Lwa ii J-HJ ^ 


0wLp! b_3 Iwb^Jl jJl (1)^-*L3 Lu 

(2269) L5L-oLji j! ^1^1 ‘U-p-L-j 

c L%p j<—s• bi->Lo^fl 3j^oj oLl 1 ^slijJl 

wLiJ VjLjg-g»-*y 1 ^J->c_> .Ljw3 4 _L*_>ilj ^j*1)L5_p jl jS ^L>c_>I 

j_l5LJl i! jL>^J ^Jl IwLwoJl JL) j-a J j5" J jj 


D. M. Smith [et al.], «Improved Surface Temperature Prediction for the Coming Decade (2267) 
from a Global Climate Model,» Science, vol. 317 (2007), pp. 796-799. 

A. Deville, and R. Harding, Applying the Precautionary Principle (Sydney: Federation (2268) 
Press, 1997). 

I. M. Goklany, The Precautionary Principle: A Critical Appraisal of Environmental Risk (2269) 
Assessment (Washington, DC: CATO, 2001). 
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J5 jj_LSdl Lol j*S> y03 OljLiJl ojjt, d)V CFC S 

^jlij IJ-wO-S* iil^wA Jj y^t jj-^-^1 l)1j t ^ ^2LU Loj*)L^ *Ul 

. ^*-~_L 2 _)l ^-LwoJl c (1)15" Lo-g-a t AjlijJl y* jlJJLa ^\ < _43 jj ^Jj ^-*-^1 

J5 Jj>o ld&j c ^ILoJI j^xjj ^JjJaJl y* < _o y>cSS 4jdJl y 100 jJa^>- iilL&j 

t 4_JLia_LoJl t^ J> ‘ j-^1 IwLw^ LjcJI 1-ilj d° L)LSda ^ ^J-i 

Lj yjy yH^ yj -1^1 ^jty^ iy y 2 -^ u^ 

c 0 jjLsIj y&j 0y yy ^JJl y* jty oyy~i (j-'dJl y j-^1 o')! 

. O j-oJl jJap»- Cy ^ jiy~^\ y* y? j-g-dljj 

j jp Jl tJ^-l^Jl (Roger Revelle) J^jLj yr jj <1)1 ~b ^ 

4L*J>c_> C-4 -JLj ^3 <lJ yy (1)1 ( Jl* 3 JjLJ*> *dl Lo-ww*< ^ .0 j_-_3 ^3 d*-4^_L> 

jl^Vl ^U tL, ^5J JJlUI LJI» : (2270) J J ^_ 

(1)jJ-J oJ-P-J 0 j_Jj_-_J LLLSJ^J Li j-^2-J i)y£y (jl lwOx_J t ld3 j_v 2_J jJj • 1 

.«Jj^l jl 


^JwoJjj (1)1 £-LpoL> d*->t-Jl Ajlij J-*_> <Lo~^>l l^i-j^j (1)1 4pLoJ>- JjL>- 

<d_*/2-4_)l iwi-JldJl ^3 1 yS jLd ^JJl Jl?*“1 J_>-1j C i, iy>- d3 (l)l_S" 

^<>3 SJjU^> o^ du . (Jd>cJl y ( Jws-4jj |t-*-^l yi-y m ^yyjj d>-5L>^oJl 

j-3j .L>jL>- j j_p d^^SLj ^jJl ^XJI (Jlj-j '-/j t N ^dsL*Jl ^-^yi 

150,000 _ 100,000 y* 4jl^ 2_>- ^L-Jj 0y^~* 5(3 ^-J-^2-!l 

^Lodd*>l ojl^^/ ^y+Oijj y 6 ^® w ^ > ~l^^l ®^w^L>t^JJ ^5"^w«l 

jj3j_; (jLowJ 4_Lo& 4_)^_yfl_P ^J^3j C ^ vwo-dJlj ^IjjJl 0^3 ( /^s dsl-LLwvwoJl 4_ilIaJl 


iJLJl oUju*N1 




0 )L>c_> 


dr" 


Jwoid. 


JL5 


t (<lL>- 1 jJl) 


(^-wsdwJ ^ 3 ) J-^Lj ya <-J j-d)d 43Jp 20 Jjda ^3 ®jjP® .djL>dJl 

^L J _^_5dJl y> apL w*> i?lj jJdS' 221,000 JJJl^jl^oj (Nashville (Tennessee)) 
4 J^4j tdiJ.} ^jp ^3lw\j^ C ^ y^a*)! 1 dil.fd^/Jl yj* 20 J-&J ^ da^3 ^L*Jl 


S. F. Singer, C. Starr and R. Revelle, «What to do about Greenhouse Warming: Look (2270) 
before you Leap,» Cosmos, vol. 1 (1991), pp. 28-33. 

S. F. Singer, «The Revelle-Gore Story: Attempted Political Suppression of Science,» in: (2271) 

M. Gough, ed., Politicizing Science: The Alchemy of Policymaking (Stanford, CA: Hoover Institution, 
2003), pp. 283-297. 
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(. l$J-xi ^ L&l j^>cJ o3Jj^ 43 Ik ^—3 ^4ij 

(2272) 

(Generation Investement Management) «-lJjjJI jLJlo-I 3jlil» 4JLS" ^ 

U-* *A' jA (*_A-> 1 ^jy J^-j <Ji 

. 4 JL 0 JI d->l jl wLvJ?^! 1 OjL>cj d->l J jj 4^*ul)J (Jpkxj LoJwO C jl i 


0 j_& ^Jw«L*Jl]| 4JjU>c_> 3 d)jj t 4_1_> j_k 4_w^_i_*_Jl ol_i_jj_>cJL]l (1)} 

(j^JLik^ C 1 ^3 0j-dg->o -U I ^j*wO 1 *A->- 1 4_jLsljwoJl 4 -s-JXj d^LL ^y>ejJl 

(1) 4-yg-3 1-LoJ 1 cl) J-LaL>cJoJ C(jL~Jl £jU» ( /^3 

45 "^3 ( j-o Lo-5” t olJ-L>c^3 *^kl>cJl (. <2 j jj>cjJl oLwJ ^JJaJoj ( /ys 

.Lp^L>c^3 <1)15 (1998) 4^-4 ®oka® <!*->*-) d)l d)LwjJ ol^ jLoJlJ 1 

j-SsJ 1 jli (. 0 jLa_L>-j «oLa» J_£ ^Jl (3j-kJl ( j-^* j-k-Jl 


(2273) 


(1)1 (1)Lyg-3j_^*_v2-)l ^-UUJl j-v2_^Jl 


(1)1 :di)i Jlp Jit* diJlj 

jvJLjJIj (Gabrielle Walker) jS jj JL^jLp ^Lb- j*- 4 p ^Jl5 <t_Ul (2274) L ! L5’ 
jUJbflj e-^^Lo ((Sir David King) y~S juLb ^Jl) Sa>oJl aKJu-JI ^ ^bUl 
Jiij .bG>jij^Jl # l _ s 5’j-^Jl l./?p» 4_i o>j-Sb Jij .o^l a jJuJl ot^ 


'"V I <U aJL V I t 


i I 4 j j_4j 


(2275) 


.LKJI 




^j5*yi 4^ijjJi l^_>i °*k& ji 

|V_> A3 oj_ft ^(_ 5 ^"^^-^l U/g.PD d)l ^jA j]\ j c 4 j1 j*S* ^i-*Jl ^jjL> ^3 lyg.3j 

.4l5»-LwvJl ^wv^l^-oJl ^-9 (Jl^j^ Lg-jl ^ 1 t 4^o-l_*Jl 0>L>Lx^Jl ^3 Lg-yg-3j 

ojl^>cJl d->L>-j3 (1)| 4 ^LaJ 1 ^Jj'yjJl ^c_)jL lU w^S"^-^ 1 Lv2-p^ 4 jLx 5" o^Lpj ^x5j 

Ui” cji^Mi ^jl>6j *y Ulaj cj'yi jji jj_s^sji ^3 41 J 15 " 

ST 5 ' C ^jL*Jl JJl>J 1 J ji 3wX^Jo 4^Jg-4ll 4-o jJl C-Jwo ^lll j J^aj 1 4^Jj>tJ ^y 

JbN t ^j-Jl 4^Jg-3 4o3 Jj>- jJ 4 j1j C JuIj^j 4^JajlJl ^ojJ 1 3J-P d)L ^_3'y 

c ^L?-^jJl j^_v 2 _*Jl _jl^Jc>-1 C^JL^JI ^-s^l-^>yi ^3 I 33 I 4^osjl ^3 d-*-J^Lp L^-j1 
brH ^ Crr^J^y^' 1 


World News Daily, 2 March 2007, «Gore’s carbon offsets paid to a firm he owns.» (2272) 

. ^Lg^LboJ aS jt .J <kP jiJy* J 

W. S. Soon [et al.], «Reconstructing Climatic and Environmental Changes of the Past (2273) 
1000 Years: A Reappraisal,» Energy and Environment, vol. 14 (2003), pp. 233-296. 

G. Walker and D. King, The Hot Topic: How to Tackle Global Warming and still Keep the (2274) 
Lights On (London; New York: Bloomsbury, 2007). 

Melanie Phillips, The Spectator (7 February 2009). (2275 ) 
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.U3S 31 (Walker and Smith) 5~o3 j ^5 jj Jlp j .SJUJIp U5>5 3wLU- 
(Creationist World) ^3331 y Mjl Ukill 3_Ul oyk j3 y.^ j 

35o o3Ukl JU 4004 ^Ip yy51 /JjS/l yy5 26 y Uu* i^Ul y 
y3jl jly^-l JJ-jj 2)1 Jy _^53l jly* olys (j- vwo ^ , “ y^-*-*-^ 31 Lgk-P 

.y^2L3! (1)yJ 1 


^y (1) y3jp3l 5-fi_>o 3^ .(_£ y>“l j->k>cJ 3yL>l ^U>y5)) jUs-pl (1)1 
d)lj ty_yJL*_)l cl)y3l ^y J-U (1)15 jLyg-p^ 1 kLJ3 (1)1 o^53 

UU5»Uj ^jj-w5l jL.^ i 1 d)LS" ylUjjl j-o ^y jJl jLjjJI ^jUU Jl>~\ 
ol^oJl y* wUljjLoJl xjl*JI C—yUj JUy5» ^31 ((JjLJjjIj-5) 
jl <.yUy> 1 yl_>c3 (3j-^ 1 31 j5^ 3jbo J^^-d 31 y>oUl j-^i ^3 _p <1)15 ^yd1 
oUs £-5 j 3/ Jj-lU C>-cJ 1 (1)1 jl C 3 j3 Jj]\ ‘Cosj'^l 3jos Ujy-o kj.y.Il lk& (jl 

5Jj>- 5U& <. y y>-\ oysj .5-jL>- y>cUl oUa *IJL>1 y* 3/bo *>5>-3 j_g_3l 

35,000 5Lla d)5 <uj j^jj 3y3 j m< ‘H (_^i 5-^j-d 4 d59.s olJLU 

^^J-p i)j^Sjj Nj c2003 ^Lp U>jjjV 1 y>3l 4 j >-y L^jI jl Jy S3j 33>- 

f-Uai*-^! okk Cb-~5j .Ljjjl ^y (j-^jl^ ^y ya (1)^*>151 y* j-51 5 wLp d)l 
oli yL*oa <_s^"P w jLt*- Nl ybjy oUUL <5^3 _ jk_) 4y>-j j 1 4y_>Jo Ijysl 


.<W? y ys 


<W?<• <Wa5*co <Li3>- o jli ^y*j C Ul^-^1 3} t ^J-L ^3 CjL*3j 5 1 3 jJjj 

^1 ojl^J>cJl CbL>-j3 3| ^jL5J1 jSjcS\ ^ ‘(^jl‘b->lo y>*zS 
oULJJ <jaJ5^>s ojJajJl od_& b}j .j^51 0jUJl c_^2_ij>iJL3 c 1-bl^JL^ 1 ^^C-O 
olj-w>c_Jl f-t)5olj c IwbljJL^ jUa^sl 3jk_& Cbo 4_4 jL-*> oljl__p-l (2^p 1 


1 Jojk jj>c_v2j3l oi>- jJ j .oLj>JJ j5^jlj 4 _>jL>- oLoj 4_sL>31 *l3_>-1jJ1 

3>5>- 5*c_>j c j-^-^1 ^1 j^b^l 4 boJjl 3>5>- ^,^?.3->cJwo3l jlkoa^l 3jkjfcJ 

35j t J-Jj>31j L^-bs j-^5 (3^d b}j c5l^i*ol cj 5 5wtip Jk>t3l 

33^^31 cJuijj t Ljj>o 55j CU 3 L 5 Ij t oLj31 o5>- c^v2j3->- j L^s 

3j3a-&j ojl^>31 <^j>-j3 o35c-w*> ( jos ^»Lp 100 33 <535x03 <l*oL331 s jkkl j .<uks^Jl 
^ Uily o^Vl ^jVl 35 55U31 31 yJ yJl UlyJ ^y jLUVl 

.U>-j3j-'-Ul Jj'ykl 
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ol ]a .>c-o.il J_>ljO>Jl I jl 6 '-4-j2_>eJ 4_vgjL*~« jJLJ J-3 0 jJajJi oj_A 

^-U j L>c_> yi (j-^c-^l ^r.lg«»» 1 oJjI^)Jj 4j jO Ojl jP- 4j>-j 3 AXoJl ^3 7 ^Jly>-) 

^:Uj o-LLs jJL) . jJa-o^ I-La pL>J| jL>c_>j y>*Jl o j\^Jl ^3 loljo 

ojly>cJl ^LLjl ^jLoJi (Jw\_^_>3 oLj y>a IPCC yy^y-S" 

Ojly>- *Lj>-jJ-j oLj Jyl^oj 1 j_>c_*JL)| y>J 4_)Lo—ll ^_3 3 — 1 (J 1—o—*_0*il_> 

j-o-j jL^tl LJljjol ^3 J-jIjjloJI oLl>JI oli^lJL^J jjj / jO 

d)Jj .jJyw>Jl ^yjJl J yi j-*^*-^ 0j-^Jl ^ Lj *)Ij jj 

^_aj c ^ yw*Jl ^j_v^j-» ^JL*-j *)/ IPCC ^oLo-j (1)1 j_a Ij-^1 j^J^_> c_j L« 

.jj^dlaJl i] y>c-<j 

c—JJgy y>c-jJli ^ <Ovd>j oL^*OJ 4.1 <1)1 j*s> c LjjLj Ua_>- jXo jJ 

^yU j^y_>j .3 jj I y>c-Jl ^Jg-^ ojl jP- 4j>-j 3 OoLS" l y>c_dJI 3lj Lo-LS"j c 43l_jg 

( jl ' ) jJ 1 ^ I ^*0 l —) wGI^^wQ«J| ( ^ J.^^-J I <_)^^J I Z~*-***Z I 

y>c-Ji ^cJa.*.A» ojly>- 4 j>-j3 ^3 ^IjLjI iildA c clAJ3 <_5^’ .Ol^doJl ^Jl 

^ a j j . t^A-p- ^Jl ^L*_djlL> ^r_]g->,^-l I y>s 0wL>ljjLoJl 4.3 LkJ I jldJLs jjlj_> ^o>- 

j| j- yg J ^ I lg « im> 1 1 0 j I jP~ 4_^"j3 ^3 c ' w\_> I 1 t I 

<_3 1 ^3 4j^3jJ| Ol jLp y* I Jjyj J_>l^lx>Jl y>cdJl ^2_>J . 43 UgJ I <Jjl jj ^Jl 

I3-& ^Ojj .oj-^j jdS'^yi 4_d_sjJl jl-^ t ^LoJl jL>c_> ^j^5s_o>j j_>uJl 

O’j-^-Jl j-oIj t y>c_dJI <1 )Ca> ( JwwLdJl -bj^) j4>cJl 4-^>-j3 ^3 j^l IpIAjjI 

C 4.J L>J I jj j»^^o-5sJ I Loj ^3 J L>J I jJb Lo-5” j4>cJ I c_3 I ^^3 4 d>- L>- jj I 

4 _> j_> j_^wo«_5sJl 0 iLdJl j-woj j_>cJl <_ 3 51 ^_3 4 _d 3 J-Jl ol jLp jCI 

O^Ljj ^c JLO^ ^ j_>cJl t,_3*)\_iJl ^3 < 1 ) j_j ^^Jl J-™5”l 4 _j2_pLv2-« < 1)1 4j> c ^>c_. v flJ I 

Lo^S" 4 _jjOj 4^j>-j3 0.5 ^J-j) 4_>jOs 4-^>-j3 2.5 LajIwL^j ojly>cJl Aj>-j2 ^3 


LkJL 


IPCC 


OwL^-S" 4_woJLp j^u jl j -P-l oLjjb 


Jl ojly>Jl ol>jjj 4 ^JLp 0>l^jJ-fl_i aIOsxJO'I (^^1 J-flJj .y-^OwJl 
^3 d^-LSCol^OlJ ^OjjjJl Jj?Laj))j t^y>-L>“jJl O-wJl 0^_AlJg y_P 4^P jjt j 

0^51 ^yL j ^y*ui <1)1 4_5_>L^ oI2>-IOj ^3 ol j^pZ COj .^IjwoJl oLaL>cJ| 

cdol C ^Jl_>c_]| ^j_>c_]| Oj-J^SCl wd^-v^S'l ^ylj ^jJL>c^J (J^ 3 ^3-^"I <^J->c_]| Oj-Jj-^JI 


F. Wentz [et al.], «How Much More Rain Will Global Warming Bring?,» Science, vol. 317 (2276) 
(2007), pp. 233-235. 
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.^Ldl oL&L>ol ^3 *)! j L jj 3 J^UL^j (. j^S^j (^jl y>- ^L^ol ^Jl 

^Li»jl y-J ^i)l -uJj>sJI c_5 o*)U«j lj j 5\3 ^5<>Jl o5 <1)1 tJf-LwvJl 

ojl jj>zJ\ 4j>-j 3 d)lj t Ojl jJ >cJl <y-j3 ^3 wL>l^_i wL*_i j_>cJl 0j_>wLwwv^S"! <yi5 
c JaJ1 ^Jl jJajJl ^3 4_jjj>-Vl ( y5\Jj .^-gljjJL |J-J ^2> LU iJa-fij ^Jl 3l3jJ 

Olx3 jj j^xj (1)1 4j jilj ^ j^iJJ 4jAzJ>zA ^Jw«| jP £A ^5oJl ^oLojJ 

<jjJLa 4 j>-j 3 11.5 L&jljJLa o3L> j JJLo-j I t AwoJl_*Jl ojl^ j>cJ1 4j>-j3 

*lJ 593 oLwv-> iS 5> J-^-^l j-& j-^-'y I 5L5lj .c_4-^2J>- 3l j?j\ 

JiJ jJcJI ^3 4JL) J_^- ^L-55j 51 j3 o5/2-5j>c_j (1)j_S\J J_i j . 4 _PLl^^JI ^j_>a 0 JwoJL^v^a 

^j-o oLl*_ 3jj L<>w« ^LpI Ji ®jly*Jl 4 j>-j 3 C-5jj>- J_S l>jjjl ^3 ^LwaJl 
olo-^J>- 4_3jj_*_oJ I J+S* *Lo.„,lg *Jl ^ ^^jj5Jl ^oLoJ 

jXuj -yl-5^ y 5 olilij c^jVl £jL>- y^ 

/»Japl ^Jll!l ^->&j>- d)5j • g-LygjaJ 1 43 Q 2 4->jj>cJl 

1940 yA 3 I jJL>*)I\j . aAJ^^I yA I 3 J-P ^v2jJ C £3jJLoJl ( /^S J«j5j 
jJl <_3 jJ>cJl J-*_i 5_> 111 I *L^oJL*J1 y>x Jl ljJjL*_/3 jlS” 1975 

cl)j5^ d)l y_S5w^3 1 5U J5 ^j'yi d)L5 l^jj .a_>jj>cJ 1 Lo-^*^>cJI ^3 Iwbljj ^jlj' 
1998 _ 1976 ^ jlJ5 ^ jlS J^iVl ^pLvaJl oL.jL>^Jl 


5 3 !^o*yi (_^i dy 5®y 5 4 '-^-5^a 


j J-s/2-1 4_P LLv^J I 


. 1998 


fldait ISU 

^-wvo2j Jlj-wJl 15-& JL^I *^yu^y^ 5 * - ^! 55vw> '51^--^ ^j-^-5 15^ 

d)l I 3 L 03 .4^»oi5l pLoo ^—^j^ 3 ^l-*5 

<w?jj^-5l L>-j-%^>cJlj 5>- j 5 j ^ 1 j c ^>j5lj c 5LL2JI ^ ^vwo-*5l 


C. Ruckstuhl [et al.], «Aerosol and Cloud Effects on Solar Brightening and the Recent (2277) 
Rapid Warming,» Geophysical Research Letters , 35 L12708 (2008) doi: 10.1029GI034228. 

M. Wild [et al.], «From Dimming to Brightening: Decadal Changes in Solar Radiation at (2278) 
the Earth’s Surface,» Science, vol. 308 (2005), pp. 847-850. 

N. Bellouin [et al.], «Global Estimate of Aerosol Direct Radiative Forcing from Satellite (2279) 
Measurements,» Nature, vol. 438 (2005), pp. 1138-1141. 
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J^~5”l olviL ^JlJI d)l f ?Uai>- c^jIS” ^_>I^lSCJI Ij_a ^3 

?<^>Jl ^i*>U)l Jl d)_*JJl 

(Viscount Monckton f JuU y_ ^Jj! o y> cJ JJiJl ,y> >—'Uai*- 

: JsUj ^ oJu&j cJU ^JJl Jlj-Jl (2280) Brenchley) 

JaJs- C—*-j1jjI jj 0j_S\2L3 c 4_woJL*J| Ojl^->Jl 4 j>-j.5 C—*-j1jjI ^-1j>- 

0-3l*J d)l J-O ^lp 300 0-LoJ (j jJL Jl ^3 4_> jJUs Aj>-j2 0.5 
. ^j| (C,\ ^O/axll Oj5sj (1)1 ( J^3 lJ-& (L)IS"j .«UjJl 

ol>7 o>u iJUJl ojl^>cJl d)li cjl^0-^1 £jl~J jJ 

Jj C^Lp (1)500 _)! ,».lg.*-^J Aj jJja 

1 ojJl>J1 j 'y 1 o wLwL>cJ 1 

^ ^ (2283X2282) t t, t, 

-o j-j ^-9 Uujj . ^a.K*> jJl j j-s/2-*J) 


^j-o La 0>1 0 >L>-j^ 5 

Ojl^OoJl oljl op^J oL>-ji 3 Jj O-L^jj 

jlJJ=JJlj 

<C_<J| ^3 20 Js^ JJl>- <U3 dlls' t ^jjlSJjj t_Jsj ^sl.} 

• l-iSd^ I^jL d)JJ dil JllJ (_pUJl Jj 

jJl3 lJoJ^>t^Jl V_Jl ^-wo-^Jl dlls t j»J_Jl jl_y^l J~~j (J jj J^>- 

j.U 11,400 Jl J Up cJIS U-o W>LJI 70 Jl J UlU yJ cJlS 


‘•U’J J| 


d^ 


(2286)(2285)(2284). 


<Uv3 


Ul 


JO 1 <A 0^ 1 1 v —4 1 ^ j»P’ ^Ua ^L»a 1 ^^—^\—) /%■_ 1 1 1 

L)1 u>tj (jLwso^/1 (1)1 IPCC L 3 t 


(Christopher jj^SLj» 4JuUJl ^Jlill oUOvaJl ^ oUJl*jJI -Uju-J (2280) 

2008 /jj-£ 3 c OjLojj jj t <ul^*tll Monckton) 

S. -I. Akasofu, «A Suggestion to Climate Scientists and the Intergovernmental Panel on (2281) 
Climate Change,» EOS, vol. 89 (2008), p. 108. 

J. R. Petit [et al.], «Climate and Atmospheric History of the Past 420,000 Years from the (2282) 
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J. T. Houghton, G. J. Jenkins and J. J. Ephraums, Climate Change: The IPCC Scientific (2283) 
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I. G. Usoskin [et ah], «Millennium-Scale Sunspot Number Reconstruction: Evidence for (2284) 
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D. H. Hathaway [et ah], «Evidence that a Deep Meridional Flow Sets in the Sunspot (2285) 
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S. K. Solanki and N. A. Krivova, «Solar Irradiance Variations: From Current Measurements (2286) 
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L<>^3 ^ j*Jl JlS I o jjLS' ^y s lwU>-lj ^j^>cJl c_3^LkJl ^y 0 jj^ 5Jl wL-ws^S"! 

. (2287) i^ 1750 j»U 

Cd—O J-)I 4-JjLS" cL-> wl_>d> ^_i_3 C JJ->j5\J1 -\_w»-v^S"l ^_)l_J d)LS" jJ ^fLp^-j 

J15 L^wdp ^>Lp 0j-5>j 500 4->o^ojJl ^3 (^jl j^~ ^-^Ld^-1) ^^>-L>-j 

Sjl y> sJl <d>-j^ O-JLS"j c o j* ( yj o'y 1 ( ya j5S\ j-><Jl 0 j-> j5sJl J-^5! Ij 

.(2288)-^^ ol>ji 7 _, jVl Uil 

Ls c l_o 1 c y ! wU«*«*51 t L? <—** Ij j^«i^ jJ ^ 

ol>C-.->5 aI jJ j . 1998 j>Lp j_La IjIjJl>-I Sjl< u>-j.5 oLLl^c^ 
d) j_jLS" _ 2007 j_>Lx_> /^yldJl 2)j_>LS" Lj2_>c_}I jLS”j ^ Sjl^>&Jl 

, (2289) 1880 *Ip Jo, ^Sfl 2008 ^lo/jliil 

JJ Lo^a j^S. 5sj > j' d)li C ,3 jy l 5j^Jl 0^^ 

5ljw& 2)j_5s_j 'y j_9j «4-> /»d-^-j ^_S\J clPCC 

lil c2015 




(2290) 


j-LJ J_3j .j-^*-v? jL^Vl ^-3 o j-oLj (jLs t .5 j_>j ^L)^" (^ 5 ~^ s> ~ 

(2296)(2295)(2294)(2293)(2292)(2291)~ ♦ -». t( , . », 

. «U^Jj3 Ol ^JdJl 
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Consensus,» Cato Institute, vol. 15 (2008), p. 2. 
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317(2007), pp. 233-235. 
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jN\ IPCC JJi jU £LJl J /*yi jlS jJ 

jjj j?]\ L _ 4 ^. 


jl^Ml ijlijl J~- Jj>) £luJl ^ ^ 

(2299X2298 )(2297) M • / t HI, i 

. ,_ol£- y^rb.^JI 2 ^-° Ol j ° 


LJ^I 

«• 


I jl^ 'VI ^jS' 4_oL^vU^/1 4^jwv2_) d-oLS" yL>~ 

A.x~*J2j Idi^P ^J CJL*_oJl ^LCoJl £_9^Jo d)l ^LwJl ^oldJ 

(2302X2301 >(2300) . f ~ , t It, 

. (_£^w>c_*j j-*j 43 Jj Jj Jl I 

£_3 L^dSC>«j ^ Lg-jl* (_5^ AJL*55 j_i ^iLo«j Co IS" 

42C_9dJl jLp ^CP ^Jl ojl^->cJl d>-j.5 4 _>L>c2Cai 1 d)j^ .jl cL^LoJ 1 do'll_L*woJ 1 


(2303) 


o (Output) U-Lo j t(Input) J^o y <j ^>Jl 


J-^wv^S"! ^^jLj J- >c - , IPCC JJ w<di>-ljwoJl 4^^ Lw*u>cJ 1)) d-o LS" 1^| ^d>- 

aJL>o|^ . Lp')/! ^^_Lp £-cl> O - ^ **_ ^^-^Jl (1)13 t ^>x-^>x-^p I)^_j^_^J l 

dj_i I)j-Scc^i doLjjjJl L&wLdL*_j ^cJl (Peer Review) <c*_>^Jl ^<>Jl 

/ ^<L^-ldo 4j jlS" ^ J-P Jfi ^A<>J>-^|| 

aS jj j Ld*A» cl 'll j c ^ju»o2_>co j-i ( - ^^'ili jl Li>c^s jy* ^ d)is" yy~ 

ojJaJ ^1 Jlp Lc^ ^ ^JJl (Armageddon) j jJ^pUjI jl iL^liJl 


D. H. Douglass, B. D. Pearson and S. F. Singer, «Altitude Dependence of Atmospheric (2297) 
Temperature Trends: Climate Models Versus Observation,» Geophysical Research Letters, vol. 31 
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R. S. Lindzen, M. D. Chou and A. Y. Hou, «Does the Earth have an Adaptive Infrared (2298) 

Iris,» Bulletin of the American Meteorological Society, vol. 83 (2007), pp. 417-432. 

R. W. Spencer, «How Serious is the Global Warming Threat?» Society, vol. 44 (2001), (2299) 
pp. 45-50. 

E. N. Lorenz, «Deterministic Nonperiodic Flow,» Journal of the Atmospheric Sciences, (2300) 
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F. Giorgi and X. Bi, «Regional Changes in Surface Climate Interannual Variability for (2301) 

the 21 st Century from Ensembles of Global Model Simulations,» Geophysical Research Letters, vol. 32 
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Houghton [et al.], Climate Change: The Scientific Basis. (2302) 

S. -l. Akasofu, «A Suggestion to Climate Scientists and the Intergovernmental Panel on (2303) 
Climate Change,» EOS, vol. 89 (2008), p. 108. 

K. -M. Schulte, «Scientific Consensus on Climate Change?,» Energy and Environment, vol. (2304) 
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Lo.5" L*C-i 20 c \Jo~\j LajJi ^>c-Jl ^C,^JLijj J«ij .<CwoJ_P 

(2307)(2306)(2305) 


^^.p ^pjJlj ^^cJl 4 _Lo->- jl M} 
^->-C^-9 ^3l jj CC- 


«OjA^Loj|)) ccJIS jJ 


C 4_p L>e_x>JJ | /j_o*)L<>Jl 


C_9 4_P^_**»^«J I 


(2308) 


f 


Lp ^3 AoljJl JJl jL*-wJ >wAPlC *dpljj L/?jl 


i /^_» ^J-yg-9' 2)^-Ss-> c J jJuiS I Jcc4_> *y a_jU^J l cc> OjLS" ^jc>- 

•°'y 1 ‘L^jJ L)l jJJJ? L)j-J-* 40 ^Jc3 ^JJl DDT Jl ^^_Lp jJl j^2j >cJi 


(2309) w 


Jo>cCoJl 


J- ^ ^>c-oi ^c^^yi ^c^yi ji *y i l^j di ^ji d->jLoj>- doi 
sjoii ^i (3j jL ^’ ^^cLv^acs^yi ji.ACj'yi ^jl*ji jol^^/l 


(2310)- . , 

. Ao~LCj 


doL/L>- ^__>jj<»Jl ^'yI ^j*a 4_j»-LdoJl jlSI^J 3l ccolj ^c_>- 

.^cl J ^ 4J^S ( j3lj LjjJdS" (1)J (—i-J\Jl (1)^5w9 t Lg-~-w*J ^Jl dJj-<Jl 

^JJl ^l*Jl ^Tlaiil jls t^LSLJlS” jl \J ajLLS” f Tyi c_>Ljl>tcJ jlS” jJ 

c-g-yaJ ^Jaj2o d)l <cJ-P t^UJl ^UajJl L&jJ_v2j ^^Jl j^^Jl A^S" jC. 

. bkpjj (1)1 A>Ul*_ol 

^ jjl) 1 ( /^p 1 j-d-S" ^JJjJ L^L>c„vg-l 1 j ^->t>cJl oL>-jc <coL*^j^yi ^jJLll (1)} 
Jip-*>LoJl jJjl jlj^-*yij ^jJJl -J^o'yi jjj / ^^tcJl .Jj^>o ^Jl Aoc^JaJl 
C UUV1 ^^Lpj . ^y>-jJJ-^>Jl ^tJjLJl ^ 0 JT^ ®A^si>LoJl LoLp 150 Jl J^ 
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N. -A. Moerner [et al.], «Geomagnetism and Climate V: General Conclusions,» (2306) 
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Houghton [et al.], Climate Change: The Scientific Basis (1990). (2307) 

UNFAO, 2008. (2308) 

. 2006 (Dr. Arata Kochi) ^ jS Lljl j_^5 jJ1 i Lj*>UJJ o~b>*dl ^ (2309) 

D. Henderson, «The Treatment of Economic Issues by the Intergovernmental Panel on (2310) 
Climate Change,» Energy and Environment, vol. 16 (2005), pp. 321-326. 

L. F. Khilyuk and G. V. Chilingar, «On Gobal Forces of Nature Driving the Earth’s (2311) 
Climate: Are Humans Involved?,» Environmental Geology, vol. 50 (2006): doi 10.1007/s00254-006-0261-x. 
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owL> j_p <2j LS" j>- c_x>J jLj^I ^0 ^cjo ^JL>cJl ^SsJl jl(1)1-3 

^J-P ( J-v2J>c_J (1)1 p-^-oJl *-^2_A3 jJ^l ^Jl ^SU-» (. j^LjJ 

. (_ a^J^kij . 4_^*>LJ 1 4_J^L>5 ( J^3 4j> c ^>c-s^ 5 ^^i-*J 1 

J-^P CjLjLoJ C ^Lv23 j 3jjs oU?lt <LOJL>c^a CjL*_3jJ ^j-P 4 JJL 0 I ^ya ^_S\_9 

^AJl ^IjwoJI y^j JJLL> d)l L^_ptA^->l (»_—UaJo 0JwJ>- j*S* jLo-^ 3j 

S A^sl J-v2-^ <l)l~o)M ‘U^vo 

L^-So .<LoIl0 4_jjj ^Ll>o ^j^j'yi ^_^5”^5 ^Lp ^^JLJl J^LijJl ^1 d)}j 
1 -i_& ^3 djlj_>j-ixJl ^JL*_> d)l ^_^<Jl ^yo ! j_JLp ^^oLJl jJlSIjJ wJu L»LJl Jli 

^ (jlj C 4^SvJ>cJl i^jUst-s^Ij *1 ^>cJl jljJ>cJL>J ( jjJjj ( JJL*Jo ^j-^ 5 j-*^l 
^_3J_A ^>3 l 5J-^J t 4l^x_^JL*^w0 ol^LjJLwol ^w*> jJ^->wL>^yi jg-^waJL 

(jLo-v^ ^^-Lp j^LSj j>j_pwL0 j>1j_l^ 0 jj-la_> ^Ir 4 l^I-^1 ^\ 1 

• 1 W ^l->^l^^»jl ^y*^Xrn) l^O«»wO C 1 

,4jljJa>J 4^J>-jJl o*L&j j-JLJ| 0-L^Jl 4iJl 4^>-j ^ j_£jj 
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^Ujaul Jl ljuu Jt 


<LokJl j (. Lj s^ jJ j^>J\ ^Jl L* ‘Cretaceous ^j^LkJl j«/a * 11 

jjJaJo i_ay2 -Xjj i jJl Oj-^'lllj ilUlil SjJLaJI oL^aIjJj jjj>t^ a. 11 

e-Lki>-lj k^&jJl oLpjjJ^jJI 

Jk> 4J^> 10,000 ^ o^XjjJL L« : Neolithic 11 

d^l^3I <Lp 1 jJ _)1 j jJaJo t 0 J (jj-*^Jl ^£-9 3*>L_*Jl 

. aJ jA^a.A Ajy>^>- 

l$-i Loj c o^J^il ij>Jl oLjIS^JI 4 p: Plankton jl oLkLgJl 

4_jJ_*JI oLwoJl ^_3 od-JL wo_Ss_j iJ jj>nJL)j jk_kj 1 cl3L)JJi. _JL>cJaJl 

,j*S*)!\ t 2 k>~w*JJ ^»l*k t^k~Jl ^SJL 4 ^>L>c_>j c a^cJLoJIj 

L^j J^ju ^i!l 4 ^ 5 LjL 5 Lw<J| jl aJL^SGI oLJlo-*JI : Weathering 

LgjLL^g ^3 ^■Jik.U *wg^cuJl jjiryg.il 

JjkLw<Jl ^.jg^o ^^Jlp q jJaL^vwoJl ^-IbjJl kJaJ! ! Trade Winds 4 jjL>&l!I ^IjjJl 

^Jlj (. ^jj>x Jl 4__3>^-*-iJ A^L^Jl ojjjJl jJl £-^j>cJl Lg-^3 Lo*j C <Lol jJ^^l 

f-y>d\ (_5 4 —4^/gj'yi oj^Jl ^JLo-*iJl c_jLa/2jJ1 ^3 

.£*OJ>cJl Ls olpj .LgJwS jl>cJl 

IS"j_*Jl ^Jsg^-LwvJl ^1 _p k-»j>c^iJl ^ck-^o ^3 jl• El Nino cJ], 

OjLJl oLwo-U j_>I O^-Sk ^ La J-LP 4_L^ 12 4 4 LjJ»j>c_> c <LojJ^>J1 

^j-.vJik]l ^3 yyiJ iiLo-^Vlj J^Jl^J1 Oj-a jJwo (Jl .LulJjJl 3lj-oJL <UlxJl 

.(^plfi! k > > c><»J 1 ^»a ^-***^ 

aIjJj>cJ 1 ok^ilj j} j-^^fcJl ^^1 k ! Holocene ^ 
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Li! y. 2_*Jl y* JjLow) j t *L^pbjJi 0jJojJi ^JLi! yJjZJi Ji 

,^2>1>J| J»jjl ^ 

LIS' JLLa jL> ^JlP ^ yS>xJ *\$y j\ Lb Aj yOS> ola ! HumUS JljjJl 

4j0jjj ^a wb^Jj C oIpjjJ^jJJ LjILp j-a t L!oL j! L^>- j! 

.,LJL Jlp 

»lJa.) ^-i L J _>«^_ ; Jl oLjj^-Jl ^j^a oLLIL ! Foraminifera oLj_>eJ^«J1 

Lgba Lo k_ > ^JL ^a 4_^»LS" (Hbv^Li j Loj bbL> ^4>tb>Jl 

^ y^x i! 4_L^v_l«^a j' ^ysjJl y~-t L • Meocene 

oLalil j k__Lb*J 1 j J-Lb C-fl-ygJo J t^lLil L1 ^j-a 6L*_)1 jJi 0 oL^» !j 

L’ 

j-v 2 _*J! ( /^a <LLlI o yjz Jl oL^a jjj y>j ^Jl L ! Jurassic l ^y»\jy%}\ 

. j j-JaJlj b^LwLl b^lj^-s^LL! 5y>-yj CJlv 2 l)J C ]g>*a^Ji 

^-ajJl ^a LtJLtJl 0 ^JLiJl ^Jl ^yJ^j La I MeSOZOic ]q * jJl j ^ * ll 

_jy]sSj y C ^ Lig-j 1 ^ ^^-a!j^>cJ!^ C ^^.alj ^xll 4^9 Lj C ^>-^J^-^>cJ! 

.L^jLLUj oljj-v^LjJl J y^b y jLj^Ij j J. Jg.il y o jjUaJl k &>• ijjJi 

jj jp^sS ^jL> ^ e-LoJl ^3 4_]*^.3 jl l yP> j*J>Lp • BllOy iUiUsi! 

.SlxiJ 4»*>\_*S' j! jia>J 

j! ^JLiScu-Nl jjJ y J^u<J 3jji>- ( _ s Aj : Borehole j~«Jl 0 jji>- 

.eLJl £l>^>,1 j! t »Ul 

j y**.p\\ ^y>- jJj->Jl ^jJl i_ 5 *-~~t • Pleistocene y~p ji«~Ul 

t 3l_*JLoJl j j-^iaJLi ^ i? ./g: 1 j t j -va *_U ^j-o jJoiJJ 

• J J-g-t J ^JL>—tJl 

J^SLLj ^llg:<JL) t LJL«- J^o-^ 5-il i_ 5 -*J : Radiosonde *>Ul jL—»Jl 

t iJlJj oljJ ( _ 5 Jlp tj,yp^Z tiJLiJl VLSIS’ : Prokaryote ol^lll 5-jlJb 

JJLa c oLa/»Ij~-~ 1 xi L^J J-* L^J *—jL^j ^ a «p‘Z 

.L^SJl 
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ioLo aJl<>-p ! Photosynthesis ^aJl uJ'^jJl oU-P 

S' a- cJL^»*joL a-LoJlj d) jj^^J l Jo~SI ^jU ^-a o>ljwO&j->^^Jl <^~Sjj 

,<L3jjj\Sj j^}\ oLjIwLJI f-\ jJ2j >cJl oULJl ^3 oJ-& ^^>o .AiUaJJ 

.^_£jjU ^Oo-S ( /j^>c-w*«S V I JwLj2j A^JwO—I oJ-& (JlSwiI ^Jg-*J3 

jjj^waJl aji^j ^ajJl L° -Eocene j^«ll 

j-vfi-*Jl ^a <Ow*wO j}\ <OwoJ>cJl j j_v2_*Jl ^^a La jJ <Lo Lj 1 0 JAA J| ^1^1 J oL-w^ jjJlj 

jJ.^ Jg i v fl-s/aJu j l ^j-w~a jJ>c-J I Aj I J_j >LJl Aj Lg-J ( Vj-a I JJO-a t ^jJjJl 

. oLjjJl 


,L>*>UJl 


1<oL>Jl 


^LS : Eukaryote Si jjJl 

. ^yp\s*- a-LLLp LgJ oljj (_£ J^>C_> 

jj_>ryg.il <Lo.]g jIj ^«jJl [Cambrian ^j^alSLJl 

J^Lwaj AAjI^ jLt^i C-AygJo J l kJ-L Jjj-J-Jl j-v2^Jl J ^I 0 ^J2_U OL^^[Jlj 

. Ajj! 

oL *-^jj j jj><w2 J! -wlajlj jJj^>Jl ^j-a^Jl L^i * E erm i an ^ji 

. twlL>JJJ-J»Jl J*+2 _*JJ 0 J^-Slj 4_*_iLwmJ| 0 j?Jl}\ 

Ojlio (. 5 ^ jl j-o>aoL oJ-L>Oa aJLI? [ Permafrost ^JLaj^Jl Ju->Jl 

.oO>j>0<>Jl <LwJaja.il ^jJsLwoJl ^3 ^jVl kO>o 

O jJLwa ^J-^ 3 o'SOa 4_w^J_S '- 0 jj : Stalactite tJj«JI Olwj-LstJl t -L-llJ-g-ll 

. jjLkoJl 

*_)ljJl j^jJl Ljjji ( __ 5 _^_iJ jj^-Us : Black Death jj^UaJl 

.yJl ^jjs ( /^o*^La 4_*_^/2 j AA^J>c_w 3 Ji jJlS' 

jj^Jaj J~w <0 .jt-iJuJl ^a k^JLJl [Silurian 


A-wjj-s^ 5 CjLv2-o oLw^-'yi ( /^a (£j~i ^ * Eulsar Jl 

Ol jJL3 ^3 l ^vw5^! A_*Oi| oLi-o j! C Ajj_)^Ij oLi-j j I l j-y2jaJl oJjO IA_>J_3 

.A^xj As>- ^]| A^JaOa 


Aj>-jjJl ^3 ^_Aj .i)jjjS aJjj>c_} 




: Peat <1 


643 



f-LjJl ys 4-Jlp ^ y-tg>cJl yxJjJl v a^lygj y* LJdJl 

<L~j>- l\xSj ISL-VI y «w?L>oj 14j>t^*Jl jjJgtuJl y aJ jj&>- jZSsj .doj 5yj 

. y^>c-w*5" V1 ^j.&A J 1-4 ^Lp ^g-yg-S oLjIo ya 4 -JLh>j oUL_lg ^_Sl cUfc-Jo j^SsJu 

«Lyglj>oj bji J jlw\_LJl ^y Jj>tJu C O^j—*|| jl j^JJl y^> C*>->cJlj 

•'•^Jil J 

^-Ljo jl j* s-p ya yjj^l ^1? £_L_> v_>1—4 _a^» ! Meteorite ^5yjJl y>s^>tJl 

. jtal5 5-LJ 

y- ySjJ A*jI jll~Jl ^SjivJl I4-J jj5^> yJl 4J2JLJI ! Aphelion 

. 1 

J^-4 J ^yLlg*- ^y 1-^" J* (5 J => *~* * Atoll j-oJ 1 

. jj^-^y ji 


.4-yjygJl a!w 2 jjJ 1 y 0yj ! Spruce 

15j-w«l ^y 4-olyL-^Vl djL>L*Jl jL>c-Jol ^y y-Aj jl y^~ • Sloth 

.jJlj 4-ojJj>cJl 

t 4_Jj 4_Oj-oJl yyJlj Cygj^l *_ol 0 jJjo J_L*JLa : Tectonics 4 -Jj-15s-L1| 

.dUi y AidLii jiSw'yij 

1000 y y^jJj-wfJl yjJl oJ-^j y* I Neoproterozoic dJbjjjj-JjyyJ 
^yaj c ^55j j j j-^j j-Jl jy'yi A-ol^jJl 4_L>- ^-<>J1 j j j-5>> 10,542 

.jljl5L>-b^y 1 j t jly-jj^S3lj c j L2yJl olys ^Jl <Lo~*~JLa 


644 



CAgaUai^qJt uLijU 
— ur 3 ^- 


El-Ninio 

y-J (Jl 

Aphelion 


Prokaryote 

jy) ol 

Permian 


Pulsar 


Pleistocene 


Weathering 

4j 

Tectonics 

1 

Atoll 

oyj^-\ 

Permafrost 

(_£.-Lp _Uj£-| 

Jurassic 

o^b_^r' 

Meteorite 


Lichen 

jljj-l 

Borehole 

j^vJl 0j-4>- 

Eukaryote 

ol yS\ 4_JUb>- 

Amino acid 


Neolithic 

(_$ 

Peat 


Bamboo 


Humus 

jcAji 

Spruce 


Aerosol 

<5^1 pL^JI jl oISIS 

Black death 


Buoy 

ijUaJl 


645 



Cretaceous 


Alga 


Silurian 


Eocene 


Mesozoic 

J&***>*J 1 

Photosynthesis 

^ 11 ^ 1 

Cambrian 

^l£Jl 

Sloth 


Biosphere 


Radiosonde 

jLUl 

Ague 

LjSLl 

Foraminifera 

ol 

Miocene 


Biota 

l^lJl y*S>-J 4_JL>- j\ Ajlla^wa CjIjLo 

Neoproterozoic 

J jj ji 

Plankton 

jjJlj^Jl jl 

Stalactite 

LJjJI oLa-Jl^-l tiajlj^Jl 

Holocene 


Meteor 

j' ^3^ 


646 



CalgaUat^gJt uLijU 

L — <£ 3 * 4^1 

M 


Aerosol 

*L^Jl jl olilijJl 

Ague 

LjSLI 

Alga 


Amino acid 


Aphelion 


Atoll 

4-ol>-jil 

Bamboo 


Biosphere 

<S 

Biota 

4_JL>- Ajjla^a oULo 

Black death 


Borehole 

0 jAS>- 

Buoy 

isiUail 

Cambrian 


Cretaceous 


El-Ninio 

(Jl 

Eocene 


Eukaryote 

oljJl ‘iJLJb*- 

Foraminifera 

oL 

Holocene 


Humus 

JUjJI 

Jurassic 


Lichen 

jljj-l 

Mesozoic 


Meteor 



647 



Meteorite 


Miocene 


Neolithic 


Neoproterozoic 

jij S.J? 

Peat 


Permafrost 

^~«Jl 

Permian 


Photosynthesis 

{ - 11 v- -—4~ wv 

Plankton 

jJi^i j! 0UI4JI 

Pleistocene 

t ^**~**> 1 

Prokaryote 

^j) el^Jl 4-ol-b 

Pulsar 

J“U2^ t jLv^LJl 

Radiosonde 

^1 jLUl 

Silurian 

1 1 

Sloth 


Spruce 


Stalactite 

LJjJl oL>-*bM tiajlj^Jl 

Tectonics 

4o i 

Weathering 

4j j>tlj| 


648 



^ 


<- 


<414 

<262 

<257' 

-256 

<254 

<606 

<555 

<527 

<521 

<518 





632 

<45 < 

.32 : 


1 

Os 

Os 

89 <87-86 

<84 

<82 

-114 

< 107 

-106 

< 103 

-102 

-130 

< 124 

< 122 

-118 

<115 

00 

U> 

< 172- 

-171 

< 140 

< 131 

-256 

<254 

< 190 

-189 

< 187 

<371 

<352 

<265 

<262 

<257 

<419 

<414- 

-413 

<405 

<378 

<499 

<464 

<453 

<450 

<424 

<555 

<527 

<520 

<518 

<516 

<616 

<606 

<584 

-583 

<570 




636 

<632 


341 : 

J,l»2LJl .laZi 

1 J 

<23- 

22 <19- 

-18 


0'S 

1 

45 <38 

-35 < 

33-27 

<25 

< 129 

<123 < 

119 < 

75 <63 

<48 

< 173 

< 163 

< 147 

< 141 

< 135 

<245 

<240 

<221 

< 198 

< 181 

-268 

<264 

-262 

<258 

-253 

<315 

<301 

<273 

-271 

<269 

<345- 

-344 < 

339 

<334 

<329 


481 <26 ! 

591 '. t 

341 lyjJLl ->'^' 

<77 <45 <28-27 : j^-xJl 
1171 <141 c133 c112 184 

1330 1293 1245 <243 <198 
639 <633 c517 <332 

592 : yj jjS/I ^1 

415 ! <ui^ 11 JjoJI 

-412 <409 <406 : 

413 

19 

492 : (Automation) iicV I 
284 < 179 <108 : LjJI 
C314 1218 ^-1—_^^/l 

<567 <479 <477 <443 <435 

622 

507 . ^1 jl1 

186 <82-80 144 
<102 <98-96 <94-93 <.89 

< 189 < 187 < 183 <119 <113 


649 



C 125-123 : 

172 


(151 

d47 ( 

137 


(355 

(335 

(217 

(175 

(172 


564 (541 

(479 

(429 

(448 

(356 : 

<4 j —a—i-l O-^ 

; s^Sfi 

(493 

(490 

(488- 

-481 

(479 


549-547 (545 

-543 




247 : 

LsLp 

(158 

d54 : 

Vr— 

2_lJ| J_9 




215 

(204 

-135 

’xf- 

m 

o 

1 

! <Lo <Lx-S> % )I 1 

-144 

(142- 

-141 

(138 

(136 

(175 

(156 

(153 

-147 

(145 

(224 

(192- 

-191 

(184 

00 

r~~ 

(582 

(479 

(308 

(249 

(247 




593 

-591 

(224 

(207 ( 

186 (1 

103 : (JL_^Sll 

(308 

(306 

(241 

(231 

-229 

(434 

(389 

(386 

(354 

-353 

(443 

(441 

(439 

(437 

-436 



522 

(451 

(445 

451 

(354 

(186 : 


(jlJL/s'y 1 


437 : <L^>cJl oLjLSvJI 
241 ; j 

434 ; <Lj» _s 1 JLv^1 

159 : ^JuU JJ-IjJI v l jkj>^\ 
136 ; k~S j£}\ cjLII 
i 534 1532 1399 : UTILS' jU>l 
633 t578 


-382 

(378 (373 

(371 

(359 

(412- 

■411 (403 

(392 

(383 

(467 

(457-456 

(453 

(446 

(500 

(498-497 

(487 

(473 

(512 

(510-509 

(507 

(504 

-535 

(533-530 

(527 

(521 

(574- 

■567 (555- 

•553 

(536 

(600 

(594-592 

(589 

-576 

-615 

(611 (609 

-607 

(602 

(633- 

■626 (622 

(620 

(618 


640-638 

(635 


584 1 254 : ^^J.1 J\j^-^\ 
145 : i™,_yJl jU^Sfl 
333-331 (293 

576 : JJ-I jU±u-l SjIjI 

ol ]g ■ >J.I _Ji_*_5 4_jj5j_]| OjliNl 

498 ! ^ 

317 :»_«j t 

143 : iJjJJl £jiSfl 

58 ; 

48 122 : 

105 : (aL- >i) o>jSll 
523 (484 (288 (205 : j^PjSfl 
639-638 :jjJLpl.jSfl 
542 : oLUJl 5JlJl 
-112 199 187 c 85 : SjjlJl 
333-332 1120 c117 1113 
1120 (.99 (87 (46 : iiilaJl 

371 (332 (258 
89 : ^*<sl jV I ^ 1 


650 



20 : dL 

19 ; 



461 

(459 

(70 


(153 

(71-70 

(34 < 

.24 : j—~—i Jl 

(347 

(337 ( 

294 

(289 

(273 

(402 

(387 

(383- 

-382 

(354 

(472- 

-459 (450 . 

(448 

(406 

(540 

(508 

(506 

(490-489 

-578 

(571 ( 

565 

(556 

(549 




630 

(579 

dl5 

(95 (77 

(71 

(57 : 

L^^Nl 


350 

(344 

(295 

(253 



125- 

124 : 

J 1 


77 ! 4jjj^Sl1 4 jjjJJ 
74-73 :2uj£^\ ijjk^Vl 
84 ! ‘Lkjdl 4jjjjJ^~a^ll 
77 ! ^k-^jJl 4 j jajV l' AjjjJJ 
299 (.77 lijdd ijjk^Vl 
264 1198 (29 : ^ly.Sfl 

264 ; j^o'yi 

75 (68 : jlk.SH 

287 (218 (205 (201 : LJj»Sfl 
568 ; ijijJl ^boj 

(323 (225 (99 d7 :JL^J'lll 
(399 (376 (372 (332 (327 
423 (414 
72 : J^wfUJ.1 
303 ; 4 j j>u oliNjjl 
136 (64 : jl^SM ^Ldl 
324 : jlLL-I cJ- *lil v Ldl 


317 : ^-ojJ (j~j Ip I 
284 (239-238 ^S\ 

83 . d)j^“ ( 

48 ; o 

d59 d57 :k^l : k .,^1 jLajSfl 


(272 

(259 (210 d64 

(162 

(394 

(383 (363 (359 

(352 

(462 

(453 (416 (408 

-407 

(508- 

-506 (499 (497 

(494 

(565 

(554 (541 (512 

(510 


628 (585 

(583 

-125 

(31 : a <uJs jJl 



588 

(126 

(155 

d47 d45 d02 

-205 

(201-199 d87 

-186 

(224 

(221 (212-210 

(208 

(240 

(237-235 (230 

-229 

-287 

(275 (248 (246 

(243 

(319 

(309-308 (306 

(289 

(341 

(335-334 (324 

(322 

(391 

(378 (373 (353 

(348 

(441 

(439 (435-434 

(417 

(483 

(480 (451 (447 

(444 

(523- 

-522 (520-519 

(516 


558 (543 

(526 

348 

(335 :(018) JJdJl 


334 : (016) c-idi-l 

(367 

(337 (20 :0yrjj^ 

Ji j-^si 


547 

524 (26 : jls3\ J™di 


651 



266 ! 

523 <470 idiJLj/Vl 
403 1333 

• j >tlj 

<.83 <67-66 <58 : j^-J\ 

441 <392-390 <267 
523 ! <is-4 
472-471 
183 <90 ijJaJJl 
113 ; ^r~r j-~Jl 
100 : JUJJl ^JaiJl _^>JI 
534 <449 <284 . ^ L^\J 1 ^>&Jl 
,454 ,346 ,331 : 

512 c458 c456 
391 ! 0 jAy> j>*_) 
332 c 91 :c~ll 
179 ! <LJi1 ol 
76 ! 4»oIS"^ »** I j*£>zJ 
359 ! 4jwLJj>- <L^- o! 


59 : (15^*1 JUJ.) j^IpI s 




0 j*J >cJ 


91 : 

179 <91 <78 0 

61 . ^ LS*' ^S* o 
95 ! (Uj jjjJ 15) j>3 o^>o 
C 90 ! (I^-wvO^-^ai) ^_3 j-> 0 

183 

237 : (jj^wol£Jl) ^p.,0 0 

281 ! oo j*>xj 

< 194 < 150 <26 <19 : *Ul 4_^_, 

<279 <276-275 <236 <205 


498 ! -i_*j ^j£> <uJaj| 

<151 <50 oljU^iJ^I 

<281-279 <274 <240 <225 
<302 <300 <296 <293-289 

<522 <508 <404 <348 <334 
614 <525-524 
<336 < 247 : oli yj-ij-" 

523 

281 ; 4jjL*JI jI>cj2jN 1 

-233 <230 

245 <238 
237 : iJi>J.I oUl 
53 <44 <37 jl^Sfl 

633 : ijJL~Jl jLjil 
J^XJI 
161 ! 1 

<314-313 <47 <43 : <_JSll i_pj! 

371 <326 

516-513 : ^JJI Jljj! 
589 ! jjlj < 

288 <20-19 : jj^l J J\ 

160 ' j 

_ <_j _ 

615 . ^JjLJLj < 

<393 <283 <279 : SJbJbU L^p l_^l 
422 <419 
422 

449 <425 <157 ^LUUl 
589 : ^ <jJjL 


652 



382 (369 
172 ! L»U 

268 . ^***^*> ^5" .1 

266 ; ljj*)lil y*j 

(200-199 1197 117 : 

(209 1206-205 «. 203-202 

-225 1222 (.217 (214-212 

(429-427 (250 (235 (228 

-560 (553 (541 (537 (433 
610 (593 (573 (563 (561 

429 : l>y\ L j&. 


(474 (438 (323 (288-286 

(525 (511 (487-483 (481 

-564 (559 (549 (547 (537 
634 (584 (565 

(278 (276-275 :bjJjlJl O^S^Jl 
286-285 

285 : £jJJ J LxJjLJl ifS\ i^Jl 
278 (276 ! 4 j j>u ,jS\jJ\ 

(238-237 d98 : or <Ji-*Jl 
(284-283 (280 (244 (240 

287 


225 (222 : iijjJl ibb L^SJl 
429 ' j^>r./gll L^SbJl 
563-562 

608 : ‘ Ji 

601 (598 iflJj (Jo 

—74 (71 (69 l <j-tj *''' 3 

392 (374 (75 


284 ( 198 : 1j>J>\ i £\_^Jl 

348 : _^Jl £lS ^ 

405 ! Ojj^S" ji 
.110 : jJul) jLS* 

519 c516 1513 c223 
55 ! (L-^vwojw\jl) L> 

288 


509 c 41 \ ^yL^- t 

244 ! a^L-& o\S y 

217 ! ^ 

77 ! ^oL ol5"jj 

551 ! cj jj c jj 

c 110 ! (1^-wv^jjwUl) 1 jJLS'l j-S* d)L5" 

C 314 C 31 cu—Jl 

295 c244 

634 c490 c486 c484 

• JJLlSLwv^j^j_S" olS" y 

596 ! c 

287 

515 &JI 

291 :(\X>^J) <1)15 y 

515 ! a_>* 1*JI olil aXo 

614—613 1 603 ! jj yS J jSyjy 

515 ! 4j>ell olil AXo 

630 C 563 ! JL jZj ya cJj5 jjj y 


501 : (ilj 

_ — 

148 : (BelO)10 pJL^Jl 

536 c 518 : (Erosion) JS’bJl 

526 . a^^lJ' 


653 



C118 188 148-47 c 17-16 
451 (440 (253 c148 c138 


C 185-184 176 :o^Jl oL-^l 
463 (439 c391 (308 
170 164 155 ; 

C126 <. 97-96 193 (76-74 

518 (.514 (183 cl78 (138 

. Lj I ■—' ^ ^ _ 3 . J 1 —-— 1 . -) l —.. 

96 


73 ! ._3jj 

323 (314 ( 17 : <4j^Jl (_~Sy 


(291 (289 (188 : 



(497 (490-486 (296 (294 
638 (549 (511-510 (507-506 
511 (506 

(390 (303 (244 dlO : 

403 


26 :J> 

238-237 : ((iL~S3.l) 

235 :jU/\II ^Udl 
275 d98 d41 (74 (72 :^^dl 
504-503 

503 : jsA\ JjJbdl 
336 ! 

17 ! ojlj4-l 

324 ! *u«jLJl ^3 

(27-25 (21 d9-15 : ^Ud jr dJ 
-43 (39-38 (36-35 (33-30 


91 : olJS’ldl 
596 ! 

(_dJ j-t.iL) (_ SasZ 

367 : y^Jr-l (_JaiJl ^3 jlU-I 

327 : dLiV,jj\ AJ- 
(220 : a .j^L2 J _ ;j LS'- J _._ r Jl jAJ- 
558-557 (438 (321 (223 
(223 d44 

558 (513 (225 
222 ; 

256 ! jjIj ^3 o->ji 
145 ! (_jL. is* jj__^J l 

(142 : 

394 (230 (226-225 (223-220 

145 ; odjj Ajf- 

220 ! 



182 JJ~b ^»dl 

(208- 

-206 (204 dl8 

(242 

(235 (225 (218 

(210 

-434 

(406 (357 (322 

(274 

(518 

(473 (440-439 

(435 


553 

(520 


473 ; 42)l5d^«Jl 4 j 
274 (207 ! SjL*-£JI 4j 
132 (_-5>l 

435 (^waidl 

324 : * JaJl ^jjdl 
309 (199 : hj\A\ oLJbJdl 
69 ! ^3 y 

72 : ^Jdl ^ly 


-70 (68 (64 (56 (49-48 (46 
(98-97 (94 (76-73 (71 


654 




84 

c 16 . 

( 120- 

-117 

(114-113 

O 

00 



16 ! (jlSUl !l 

( 137 

( 130- 

-129 d26 

( 124 



214 ! (_£^>til <L^>- 

-172 

00 

d58 d53 

( 141 



598 ! <• jjjjj 

-189 

oo 

00 

1 

00 

( 175 



597 

(199- 

-198 

( 195-193 

( 191 



40 : £j_p- 

-243 

(227 

(224 (220 

-219 



(261 

(255- 

-253 (251 

(245 

359 ! ^wolS" jJj>- jLj 




(300 

(281 

(273 (271 

(265 



359 ! wLJj>- jU 

(329 

(321- 

-319 (310 

(308 

1 

o 

’xf- 

Os 

^J - 

109 c60 jL-J 

-370 

(368 

(364 (349 

(333 


529 (459-457 (454 

(392 

( 383- 

-382 (374 

(372 



103 . v _^.I^p jLo 

-434 

(423 

(420 (418 

(415 

(59 ( 

50 (25 ( 17 : Ja_^>J.I oljLJ 

(480 

(475 

(472 (463 

(435 

VO 

00 

d94 

(136-135 (74 (66 

-521 

(519 

(514 (512 

(502 

(347 

(308 

(248 (245 (230 

(536 

(531 

(526-525 

(523 

00 

CO 

(378 

(370 (356-355 

-573 

(571- 

-570 (568 

(565 

(449 

(404 

(387 (385 (383 

1 

Os 

uo 

-587 

(580-578 

(576 

-469 

(459 

(457-456 (452 

-618 

(612 

-611 (608 

-607 

(582 

(532 

(529 (472 (470 

(629 

(627 

(624-621 

(619 



588 



640 

(631 


: (Ti44) 44 pJLdl 
423 : iJU J.\ jU-Jl 
27 ! i (_j^y 

26 ; ( (Jl-U^j 


c 194 1 154 : (Clouding) 

565 (.512 (489 (372 

427 : jUJl dKi: 

: ^iSM (_^rj>il t _ s -~o_^Jl (-JsUJl 

170 


166 (164-162 OoliJl 

71 . I i j lj 

(236 (21-20 :cu^l jC 

(289-286 (275 (240-238 

335 (291 


624 ; ^jjLp Jaj 
65 . Aj^jl JJ-Jl — (IjLjo2j 

372 : oLdL" 

544 ; aIIL xJi'yi 
591 (444 (406 ! ^zj\a a/3 ll <1j Lo 


655 



74 : (LJljil) 

250 : aIJJ^I 
529 : ( _ r JiUSn JU-i <J^ 
355 c 110 jyL I 

58 ijjSjjSI jJy 
70 i^yi^UJl 
424 : <_i>aJlll jj^ 
<386-385 <.25 : J yJ r \ 

424-421 <419 <414 <408 
342-341 <263 : yl iy_y>- 
404 ! 1.5 yy oyy>- 
<24 <19 :i_^jdl ij-tjsr 

505 <503-502 <496 <446 

58 ; Ljo^ o y y>~ 

296 . °y 'yr 

115 <58 ! <LijL/2 o y yy 


403 ! Cj jS iyyy 
269 < 58 ! jS ay7yT 
58 ! (<1)LljJl) y o yjy 

111 I <1> Ijo 1 _a o yjy 


388 : M obj> 


<147 < 139-138 : jLjJI 


150 


<71 <68 <65-64 <62 <16 : <JLbU 
<114 <93-92 <85 <77-73 

336 <314 <181-180 


330 : (Boulders) 

279 ^jpJbU 
< 177 < 106 < 104 < 102 : yy]\ ~uU 
-342 <320 <314 <263 <186 


<238 <236 JL—51 jL* 

286 

<21-18 <16 : Oj-;^I jli 

<37-35 <33-32 <30 <26-24 
<98 <56 <53 <49 <45-43 <39 
-231 <229 <218 <202 <173 
<269 <262-260 <236 <232 
-285 <279 <276-275 <272 

<432 <322-321 <311 <287 

-536 <490-489 <462 <438 

<582 <576 <574 <548 <537 
<614-613 <608 <587 <584 

638-634 <630-628 
oL.J dll <j yj I (^Lj 

426 : ^>JI 

20 . j ^ —1 1 — . j L 

256 : iJaiJl <_Jbdl 
295 <193 <159 : jjjjSfl iiJ* 

65 . 

48 . y yj 

-c- 

<66 <53 <47 <25 : 

<113 <108 <89-88 <73 <69 
<371 <366 <259 <189 <181 
553 <516 

<95 : (UjjJJlS') bLLJ 1^™- JL^ 
123 <101 


656 


376 : jU y }I JL>- 
435-434 : Jl~r 



217 (.161-160 : JiUl 

65 ! (jdI 

71 \ U i*>lj oljUi^ 

85 t 75 (45 : Llll SjU^ 
d21 d09 dOO (90 

125 

225 ! oLil?- 

(516-515 : ^>^LJl j-o-2 oULU~ 
524 (519 
201 :^JI 

d50 dl4 (50 : (ILjl^SJI 
(282 (279 (237-236 (208 

-295 (292-290 (288 (286 

431 (335 (298 


298-297 (50 

352 (201 d99 u *J-\ 

468 : idjUl Jl ^ 

252 (62 ! 

180 : (UUajI) 

239 ! js>~ 

61 :CJjp) jSljlS 
(81 (66 (64 (53 : SdLjJl SLJ-I 
259-258 (227 dl4 d07 (97 

52-51 : L $y>J\ JlJ-I 
338 ; 4jI 4j oljlj^L-l 
355 ; <Lol I itI ^! 
(270 (246 ; <loL>-^il 4_»^j-d-l 

389 


(422-420 (246 : idU-^il 
624 (561 (441 (426-425 


(356 (351 (347-346 (343 

(379-378 (376 (365 (363 

(425 (414 (402 (384-381 

578 (447-446 

(343 ; ji- y>^j jJl?- 

379 

526-525 (366 (207 : il y juU 
493 ; <uLL*Jl 4 j 


-c- 

419 Jl <LoL>-^l! i 

524 ; 

553 (519 (386 :^JLl 
423-421 : jl^ll ^J&Jl 

28 ; 4 JL.X?- 

277 ijJl «jl j>- 

185 ! *W2jl>d.l ..J ojl 

(277 (204 ajl^ 

488 (483 (459 (448 (446 

51 ; 4..Lull ajljL-l 
185 ! iisljJl ioloLil ajl y>- 

.524 (481 (429 : 4_Jl 

542-541 
524 : Jj_^xJlj j»^sjsJI J 
(541-540 : ijJjJl 

561 (554-553 (551-550 

111 : jLLd (_4j^~ 

259 dOl : JljJ-l 
144 : jJjji- j»l _>=~ 
279 ! ^ j*s* J2-w*» 


657 



1264-262 <198 c 53 : 

-632 c 585 < 578 <.319 <317 

633 

205 : Si I JlUM jli-Jl 

251 : jkJ^i I 

-213 <145 <143-142 : ^ 

214 

—53 <51 ! I 7t ojl jS>- 
<115 <113 <92 <70 <62 <54 
<320 <254 <185 <171 <159 

<356 <354 <351 <346-345 

<388 <386 <383 <380 <378 

<434 <427 <419 <416 <403 

-461 <455-448 <446-445 

<504 <479 <470-469 <462 
<559 <534 <531-528 <519 

634 <566-565 
390 :olk>J.I ojl 
<54-53 <43 : "ojl^ 

<315 <137 <116 <94 <88 

<350 <342 <330 <328 <323 


-c- 

64 : (Peat) <uM 
! tLjJz jJl jJj-wJl 

264 


< 103 

<66 <54-51 

:»l 

1 Ja j- 

< 152- 

-151 < 

147 

< 142 

< 137 

OO 

VO 

< 186 

< 182 

< 168 

< 161 

<246 

<241 

<222 

<211 

< 194 

<296 

<283 

<279 

<272 

<270 

<324 

<321- 

■320 

<305 

<300 

<446 

<429 

<402 

<370 

<352 

<466 

<457 

-453 

<450 

-448 

<558 

<529 

<519 

<487 

<481 



583 

<565 

<562 


391 : c~»jl 
74 ; 

58 ; LjbujjLS' ^Aj>~ 

530 <458 <449 : <iL^3.l 
148 . 

563 <514 <59 : 


<464 <388 <373 <367 <358 
559 <555 <516 <480 <472 
516 Jjjj 5j! j>- 


59 ! 3 


_ i _ 


171 : L~jUI ojl y>- 
-65 <63-59 <57 : 

66 

69 ! ((jwaJl) 

558 <407 : ^JUJl Ui 
407 : Ui 


591 <421 <116 <^j> 

141 <139 : gj jJl ij\i 
^JLwaJl o 
263 : ajjJI oLi-l 
571 ! Ol-o—> 

422 : < JULb 


658 



Ls-A ^ OjJj-SCJl 


<L_)L) js 
426 : j>J\ 


- J - 


28 : ‘■zjjizj 

55 : kS^fjjS}] ilij 

294 c 151 c 147 1107 : ^Jl ilij 
524-523 

497 (292 :olili^l 
150 '.ZSisjj^M ^lAll olilij 
146 ; <L^>J>I oU>U>jJl 

500 1364 ! >. 9j 

364 • jc_9j 
397 1390 1369 : ^jLJLJl Oj-Jl 
542 (407 
239 : (Ash) jU J\ 
335 (282 (280 : jlST^Jl iU J\ 
49 ; cjIJ l l. 

65 : 

29 '. I jJl 
146 c 140 134 : ^L^JI 

175 1170 1 160 (.156-154 

217-216 


157 ! 4 la ~.*i.l ^lj j ]! 
268 <. 181 1115 : Lwjil ^L^Jl 
465 (460 (434 (369 
465 ! I j^\ 

62 ; jh j! I j 

631 (28 : yrjj 


403 : JJl Uj 
563 : ILiJSfl SijJlJl 
577 ! Jj (jljji 

458 (450 : ( _ f JU»Sll y^l jljjjJl 
; ^*jja V I Js^oJ.1 (jLo-Ji jljj.} 

456 

136 ! i_4 jIScJ|j jirL .cJl ojji 

(107 : iji ojji 

317 d64 
402 ; 4 j^ o-aJl oJxxjl o 
474-472 (175-174 : *111 Sjjp 
(226 (224 d93 : j&%* ijji 

311 (309-308 (305 
170 (168 (162 : J^a ojji 
414 ; jll J 
598 (lj^5” 

600 . ( (J 4 

20 . ^ 

586 (244 (238-237 : oljj^M 1 

_ i _ 

578 

(317 (77 (67 : j\_^jJj_g_Jl Sjji 

632 

65 ; ^LJl (jLj^ 

(210 d93 d75 :jlJ_ U jl_ ;J S 

(334 (316-315 (311 (302 

(403 (388 (379 (373 (371 
584 (414 

414 (402 (381 :^>Jl jLji 



- J - 


167 : Ail 
73 . j 

(.314 (247 (217 : 

523 (336 
588 ; jiJjl ( 

598 ; 

212 ! L jx£j ^LJI 
d82 d40 dl5 (83 (57 : 

(284 (270 (253 (239-238 

(378 (347 (344 (342 (339 
575 (515 (496-495 (381 


- O- - 

—495 (493—492 ! 4_*z>L4 

496 

143 ! . ^ j*J L C-AiLJj 
632 ! jJ jLo-t^A>l Sjbl aS" jSi 
(Ok Tedi) iS j\ aJ>j-J> 

624 :^LJJ 
577 — 576 ! jj^y aS 

624 . w\J^p aS" 

617 ! ^J(5vjLj c y*jZ> 

210 ! Aj y> 

168 ! ^LJaJill jjiJJl 
27 . ( J-b Ibju 


167 


£tj-i 


La 


1 1 


-u*- 

394 (221-220 : ioJU-l 

539 (205 (23 ! jjjx-^aJl 


272 (72 

164 ; ^jljJl 
81 ! jivsS/l jJjjLil 
(533 (505 (403 (342 :*_,ljj_Jl 
536-535 
597 ! (jjLL^ ( 


- O* - 


249 ; o^44 i j7L«Jl 
594 : JjLS’ (jUL- 

(186 d58 d53 
(465 (296-294 (291-289 

565 (488-486 

28 • C »-\j I 

227 ! O-J jp^S 1 

28 ! y L L_O 

151 : v^' 

78 ! ol^jwLwvJl 
22 . )' a^* 

106 : l5 S^jJI JU-wJI 
248 ; ^I a^jl*^ 

330 ! ^LLjLoIj A^ji^ 
139 • ^ 1 A^j l ■>/? A 1' A**»ol««»*(J I 

108 : jlSL- 

364 c 314 :i,JLJUL| jLil 

77 ! ^jwaJl ^3 a}^-*a 

345 : jlLLI 

514 : jJl olii aSI*^ 


660 



_ J* _ 


471 ! 4jjl j>- j^-1 iiUaJl 


(99 ( 

20 (17-16 : 

4_™^o_ 2LJ| iSLkJl 

(173 

(166 d59 

00 

T 7j- 

(135 

(290 

(281 (226 

(182 

00 

r- 

(335 

(310-309 

(306 

-304 

(450 

(448 (446 

(383 

(346 

(564 

(558 (474 

(471 

(463 




629 


71 ! 4j4jjL_*J 1 cjlg-laSl 
-158 1 154 120 : jjjjSfl a_ 5_;_U 
(336 (295 (288 1 193 1 159 
631 (600 1563 (547 (507 
-434 (250 «.229-228 : (.JUJsJl 
561 1537 «.443-442 (435 
548-547 1545-543 : J 

395 1330 c 91 178 :^Jdl 
596 (399 1390 : 

-170 1153 : SjjjJl JjJs 

171 

. Ji . 

215 : jJ.1 jJlp 3y&Ua 

“t- 

! 1 Jjj jJ-3 Jp l yg ^3 <loL>- j_*J I 

101 


394 ; Jl j^>r - 11 
(295 (288 (278 ' 0j g ./g'J.1 j jJt ./?ll 
t432-429 (404 (302 (300 

553 t471-468 
243 ; <uSj^Jl j 
236 : ol-U> 
-216 (210-209 : aJ^iScJI ^SLL^Jl 
(469 1320 (.271 (230 <.219 
593 (521 (473 
47 (45-43 : ^JdI 
(54-53 (34 ( 16-15 iJpU-I^LL^ 
d03 (84 (73 (63 (59-58 (56 
-299 (221 d40 d38 d36 
-322 (320-313 (304 (302 

(334-333 (331-330 (327 

(362-359 (352 (339-338 

(397 (394 (377 (366-365 

585 (568 (522 (412-409 (405 
d40 (53 ( 16-15 :ioJU-l ^LL^JI 
359 (338 (326 (313 (304 

(317 ! (_JaJiJl JLJl>- 

(358-357 (354 (340 (338 
(390 (368 (365-363 (360 

623 (584 
79 : i™lS’ jlpI 
519 : iajlj^Jlj jlpIj-^JI 
111 (98 (93 (69 (20 : I 


588 ! i W2j 

170 r >Jl 


661 


72 : JpJl dlid> 



<35 < 

32 



<104- 

-88 < 

85 < 

81 c46-45 

-117 

<115 

-112 

<110 

-106 

< 140 

< 130 

< 125 

-124 

< 122 

-177 

< 172- 

-171 

< 165 

< 149 

< 192 

o 

on 

-187 

< 183 

00 

<291 

<267- 

-265 

<257 

<223 

-350 

<337 

<328 

<297 

<294 

<375 

<373- 

-371 

<365 

<351 

-419 

<414- 

-413 

<405 

<378 

<464 

<456 

<453 

<450 

<420 

-519 

<517- 

-516 

<513 

<499 

<616 

<583 

<568 

<554 

<521 



632 <630 

<619 


57 : Jl 

92 <79-78 : 

92 ! ^SLlI -b-bLl j-■■?*J 1 
514 <247 <245 : ^^LkJl ^<*Jl 
230 <228 :^^JI ^<*Jl 

<54 151—50 ; ^/^-o La j./o *J I 
<257 <226 <222 <.60 <57-56 
527 <447 

257 ! ^j-o la 

82 ; j_gJl 

<76 <48 <45 <32 \ Jl 

<99-89 <87-86 <84 <82 

-114 <107-106 <103-102 

-130 <124 <122-118 <115 

<172-171 <149 <140 <131 

-256 <254 <190-187 <183 


-123 <121-119 <32 l^^Jl Ulp 
<458 <132-131 <129 <124 

<587 <585 <583 <576 <500 
632 <626 <621 <616 


227 : jljlSLJuY 


46 : JL^JUl 
320 : tijjj 

371 <79-77 <72 : I 

285 <270 :^L^il 
636 <340 <118 <34 : 

<32 <27-26 <16 : 


1 

00 

55 <53 

<46- 

■44 <35-34 

-106 

< 104- 

88 <85 <81 

<60 

< 122- 

-117 

<115- 

112 

<110 

< 149 

< 140 

< 130 

< 125 

-124 

00 

r~~ 

-177 

< 172- 

171 

< 165 

oo 

ON 

< 192 

< 190 

-187 

< 183 

<267- 

-265 < 

257 

<250 

<223 

<308 

<303 

<297 

<294 

<291 

-350 

<337 

<328 

<322 

<313 

<375 

<373- 

■371 

<365 

<351 

<414 

-413 < 

405 

<393 

<378 

<448- 

-447 

<436 

<420 

-419 

<464 

<457- 

■456 

<453 

<450 

-520 

<518- 

-516 

<513 

<499 

<583 

<568 

<557 

<554 

<521 


632 <630 

i <619 

<616 



662 


<303 <250 <60 <58-55 <53 
<448-447 <419 <393 <322 

456 


i 1U l i 




515 : (JoJIjJl) jjjUVl oLU> 
515 ! 

95 ! jjjLo jl oLLp 
53 ! ^ 

255 . (_£>^ajLp 
550 : (Rn222) bj*\J\ jlp 
157 :^Ul jUJl 
142 : l ^-jjJ c ^Jl jli- 
-287 <284 <275 : a^JLST^JI oljUJl 

288 


621 : L^-l^Jl Oj~Jl oljlp 
<136 c 31 126 < 19 : oljU 

<448 <357 c 194 <176 <155 
<489 < 487-486 < 484-480 

-618 <587 <565 (.533 <502 
634 < 630-629 < 622-621 c 619 
603 <585 (.28 <.23 

436 : y-Vl jUJl 
523 < 141 jUJl 

(.517 <293 <150 : jLS'j-Jl jLJJl 

523 


243 : jUJl 

71 . jL> r . /? 1 1 jLjP 
<97-96 <81 <79 <64 : ^JJaJl jl_J< 
513 <307 <191 <188 <122 

137 :^1 J jUJl 
336 <150 <17 : oLlill jli 
474 ; oo-^f- < ^IaI 


<352 

<345 

<265 

<262 

<257 

<414- 

-413 

<405 

<378 

<371 

<464 

<453 

<450 

<424 

<419 

<527 

<520 

<518 

<516 

<499 

<606 

<584 

-583 

<570 

<555 



636 

<632 

<616 


40 ! < <UJUaP 

265 : Lj*All ^*>U 
470 <23 : I jJlp 

<45 <23 <19 : jJLp 

<628 <614 <592 <117 <70 

635 

268 <23 : itJl jJlp 
23 : jJl j~xJl jvJlp 
23 : jlU-I jJlp 
<591 <580 <23 <19 : <£LLiJl ^.U 
635 <628 <614 


498 <23 : olk>J.I 
602 <32 <23 <21 : £ldl ^1* 
23 : ^IjJI ^ y >-jJl jvJlp 
468 <167-164 <15 : <iiliJl *L1 p 


322 ; jl oLLp 

_■_-S' 1 ^Lj ‘LJ—qwP 

558 <440 


< 244 <136 : yjz Jl <_~Jj^ iJl <uL>_p 
<433 <319 <288 <273-272 

-545 <541 <516 <436-435 

610 <584 <557 <546 


47 <37-36 :^>Jd! 


663 



<469 

<459 <456 <448 <446 




449 

! oLoj^Jl 

-497 

<490-477 <474-472 

157 < 

54 <45 <34 < 

.25 : jl 

L_, 

C 514- 

-512 1507 1500 <498 

C 71 

<67 < 

65 <63 <61 

<59 

-537 

c 533 <530-529 <527 

<108- 

-106 < 

104-103 <98 

<88 

C 561 

-549 < 547-546 <543 

<145 

< 140 

<115 

<113 

<111 

-582 

1573 1568 <566-563 

<194- 

-192 

< 187 

< 182 

<177 

<628 

1625 1620 c 588 <584 

<.271- 

-270 

<263 

<220 

<205 


637-636 1634 

<301 

<297 

<294 

<284 

<282 


359 C124 <28 : jT L,y> 

-323 

<317- 

-316 

<314 

<303 

1393 

<283 <279 c 58 : SJUJuLl 

<334- 

-333 

<329- 

■327 

<324 


422 1419 

< 359- 

-358 

<353- 

■340 

<336 

<135 

<113-112 1100 :p_i_51 

< 380- 

-379 

<376 

<370 

<368 

<152- 

-150 (. 148-146 c 137 

<495 

<447 

<412 

-409 

<403 


193-192 c176 

<528- 

-526 

<523 

<513 

-512 


292-291 : olSI ■>J\ *jJ- 


623 <577 

' <571 

<556 

565 .LS"1 j+j 1 ^ 

<62-i 

61 <33 

<26 : 

C 


566 1564 c 151 ^ 

< 147 

< 139 

< 136 

< 133 

< 101 


564 ! jj aJl a yS- 

< 159- 

-158 

< 153- 

•152 

< 149 



-193 

< 175 

< 172 

-171 

< 162 


_ O _ 

-204 

<202 

< 198 

-197 

< 194 


391 : J^llSlI JJUJI 

<217- 

-215 

<212- 

■207 

<205 


143 ; jb*- < jJjU 

<227 

<225 

<223 

-221 

<219 


<243- 

-242 

<240- 

■236 

<232 


227 S j^JI 








<275- 

-274 

<269 

<247 

-245 


253 ! j*}\ o jZs 

<286- 

-285 

<282 

<280 

<277 

-52 i 

,49 c 47 ! 1 >j o1 

-318 

<312 

<295 

<293 

-288 

1332 

1319 1300 c99 c68 c53 

<344 

<336 

<334 

<322 

<319 


417-416 c352 c350-349 

<369 

<366 

<363 

<357 

<349 


296 1291 ! 2/^tJo (. ji 

-423 

<417 

<389 

-386 

<377 

523 <336 <323 : ,4j^Jl oIpUw 

-432 

<430- 

-428 

<426 

<424 

529 <449 <425 c 101 : \Jojj\i 

-445 

<443- 

-440 

<438 

<436 


664 



-323 (318- 

-316 (314 (304 

(334-333 

(328-327 (324 

-353 (349 

(347 (340-337 

-409 (390 

(383-382 (370 

(435 (425 

(413-412 (410 

(501-500 

(495-494 (446 

(544 (527 

(525 (523 (506 

(584 (577 

(571 (558 (548 

623 (587 

d40 dl6 ( 

67 : JLo_^Jl (.. k k 11 

(246 (242 

d93 d87 d76 

(277 (267 

(263 (257-256 

-340 (331 

(324 (314 (309 

(353 (351 

(349-346 (344 

-375 (372 

(369 (356-355 

(402 (382- 

-380 (378 (376 

(514 (494 

(450-449 (433 

571 (538 (529 

566 ! jJail oljlae 

(306 (299 : 

4..kail JLLi-l olj-OLa 


412 (.410 (390 (323 

& j -dJ 1 1992) ^jSfl ^- 5 

30 

524 (422 JaloJl 

dlO d02 (57 : sLJjJl 

400 (308 

195 : jJjIj jjIS’jI ju4 Js 

1 t - jU ojjaJl 

136 ; (JjS\Jl ^U-iJl 3 j£ 
280 ( 136 : 1x3^SoNk» Sji 


26 ; (_ qj jy>- ( 

434 (229 '. j jjL* ji 
(580 ( 159 (23 ; aJ 1 

629-628 (614 (591 
(83 (80 (72 (50 (48 : oULA^il' 
d36 (122 d08 d03 (94-93 
(295 (286 (239 (181-180 

(524 (509 (400 (391 (358 
628 (613 (578 
36 ; 

- 3 - 


558 (245 ; UljJjojli 


(113 

r- 

ON 

00 

ON 


_Jl ^LJ 

-277 

(245 

(221 

( 186- 

■184 

-390 

(355 

(348 

(340 ( 

278 

(421 

(412 

(405 

(394 ( 

391 

(450 

(447 

(443 

(431- 

■429 


562 (522 (469- 

■468 

(217 

(208 ( 

17 :^jSfl v 

.t. S 

(299 

(285 

(278 

(276 ( 

236 

(543 

(469 

(432 

(426 ( 

407 





553 


539 


Aj ji*Jl o jJLa} 1 

575 :oJ 


(82 ( 

67 (62 

. (25 : 


_ _lg a 11 

( 141- 

-140 

dl5 

( 107 

00 

ON 

(207 

1 

^f- 

ON 

-192 

( 172 ( 

155 

(270 

(246- 

-245 

(238 ( 

220 

-303 

(297 

(295 

-294 ( 

284 


665 



213 ; 

157 :ojl 

592 (.41 :^i*>lSli (^j-jlS 
<. 149 <. 102 i 98 : ^_^Jl ^J_L5 
1172-164 1162-160 c 157 

(223 d85 ( 181-179 ( 174 

472 (298-297 (294 (291 

61 : (C136) jjl£Jl 
630 (547 (288 ! jjjIsjjjIS 
630 (288 ! jj 

151 . 

48 ! (L«j ji) o 
539 (208 : (Quartz) 

572 (23 : iJ-Lil <i>jl^SJl 
161 : AlkJl (_5I jS 

591 : jU ((_£j^S 


(46 ( 

26 (17-16 


(-~-Sj—S’ 

(142 

(139- 

138 ( 

125 (99 

• (57 

d97 

(193 

(168 

(150 

(146 

(207 

(205- 

-204 

(202 

(200 

(226- 

-225 

(219 

(214 

-213 

(260 

(257 

(250 

(245 

(233 

(320- 

-319 

(316 

(313 

(283 

(426 

(389- 

-387 

(359 

(355 

(620 

(610 

(600-599 

(522 





640 


596 ( 

173-: 

L 72 jj jJu 

-172 

d56 c 

,139 : 


— V 

(285 

(217- 

-216 

(200 

(173 




596 

(579 


304 ; jI 

(290 (263 (24 ; SjljJ-l .j-oUs 


(498 (496-491 

(452 (349 

(514-513 (504 

(502-500 

(626 (622 (554 

(525 (516 


637 


ys>- ^LJ) 


503 


-493 (478-477 : oLU 

513 (510 (494 

_ il _ 

40 ^jZj\ ( jJl.15 


(389 

(374 , 

(229 ( 

155 




442 

-437 

(123 

dOl 

(96-95 (86 : 

is 

(459 

(450 

(300 

Os 

OO 

(185 





498 

(211 

d85 

<N 

oo 


obj*l£JI 

(436- 

-435 

(429 

(386 

(316 

(558 

(522 

(518 

(443 

(438 




584 

(562 


335 (275 (236 ; Q^jjJL^Jl c^ijS 
208 ! -b-Q-l 

552 (541 : (C12) 12 j^/Jl 
552 (541 : (C13) 13 j^/Jl 
(389 (229 :p_^JL£Jl 

522 (519 (442-437 
317 :^r (J jJ 
21 : JlitVl ^L-S 


666 



500 c 120 :J&> toU 
C191 1171 C165 : Lr J^\ jJLJjL-o 

297 

588 ! o j'jj < 

39 ! 

38 ! jA\ 

C104 <84 182 145 <39 : oUUJ.1 
298 <120 c111-110 c108 

46 : IxJci Js apL>J.I 
216 JUJ.I 

373 . jJLtf- 

<64 <62 <60-59 <.29 : oIjUl^J.1 


<330- 

■323 

<316-315 <88 

<349 

<345 

<337 <334-333 

-372 

<369 

<361 <359-358 

<405 

<403 

<378-375 <373 



612 <412-411 


371 <326 : <_JSll ioj! olJiU 
612 <28 

127 ! ^Ull as 

45 . 

136 ^yS\ 

36 . J yj&£- 
<500 <496-494 : ^L^Lil oLL_^ 
546 <503-502 

<313 <306-305 £ 

588 <320 

456 <62 :yyJrl Ja^l 

-59 <53 : JL_JUI (J -JlUV| .k^il 
449 <331 <296 <164 <71 <60 


104 . J JZ L ^ yj* jJ jS 
591 * c l)j5" 




618 

: < jluS' 



501 : 

i*y j ‘ 




- J 

- 




614 : 

: £y*A 

C 

<93 < 

79 <74 

< 66 

<61 : jJl^I <_J 

< 140 

<126 

<119 

< 107 

< 100 

< 194 

< 191 

<177 

< 174 

< 155 

<296 

<294 

<291 

<275 

<263 

<350- 

-349 

<335- 

-334 

<326 

<373 

<369 

<367 

’-366 

<363 

<542 

<528- 

-523 

<519 

<375 


635 c 583 c553-552 c545 

c26 ! oJ-j>tjdl 

118 

^ ^ ^ ^ -S“ js^A I ^ .* 11 r J^ 

28 ! jJj^ScJlj 

572 : < yj jJ 

612 . c j] 

83 \ oy>- t jLjJJI 

575 . c ^_Ss^<^>2 

421 cJJ 

597 c ^v<3jJ 

-f- 

122 ! ^ *2.L> 

122 ! c ^L^wsS"La 

599 


667 



511 c 170 ! j 1 wLv? jA 
161 : I ^i. I 

548 ! IjJ IJjL* wLyj?^>3 
105 ! aAj 

ySjjS ^3 ^UJl d)l_> oULo y* 

628 : (LJli!) 

24 : JlUJI SjlpaJl j» 
: (JjjJl jljjjJl jJj y> 

470 

151 : ^WjJl ^SjLJaJl 

jJl (JJjJjJl ^_-~il j_L*^ j_S ”jjs 

470 

499 (497 :^L-*>0I oljLJ.1 
(266 c 190 c 83 149 : oL*d_xa_J.I 
560 c 541 c 514 (493 
190 194 185 179 : dJ-l 

190 ; IjuJ jA ^ aa L*Jjja~i I 
(.25 <. 16-15 : ^Jl ^ 
(58-57 (55-51 (44-43 (34 
(89 (80 (78 (69-66 (64-63 
(222-221 d45 (142 (122 

(282 (250 (247 (245 (226 
(313 (308 (303 (300-299 

(334 (332 (321-317 (315 

(354 (352 (350 (339-338 
(368 (366-363 (360-359 

(419-389 (386-385 (378 

-459 (439-438 (426-421 

-519 (505 (475-474 (460 

-584 (577 (568 (535 (520 
639 (610 (590 (585 


-379 (340 : ju^iII -k~>J.I 

380 

-97 (84 (70 (20 : 

(116-115 d09 d02 dOO 

(254 (252-251 (244 (153 

-283 (281-280 (278 (273 

-381 (355 (347 (344 (284 
(419 (414 (407-406 (382 
-459 (451-449 (423-422 

(528 (518 (471-465 (462 

590 (577 (566-565 (532 


600 (436 ' 4../?oj-1 cj lla.>J. 1 
311 : ^^iJl ail 
.310 (297 (227 d87 : jj-J Uj all 


(397 

(395- 

■394 . 

(375 

(343 

(407 

(405 

-402 

(400 

-399 



590 

(423 

(409 

-147 

(50 (25 (17 

: jla. 

(216- 

-215 ( 

197 ■ 

. 193 

00 

^f- 

-307 

(304 

(248 

(226 

(224 

(411 

(374 

(318 

(310 

(308 


593-592 

(582 

(480 


20 ! jail 

73 ! jaa^a 

578 (576 ! 

284 (238 : JjJI^J l 
348 ; y* 

340 ! d jjjj ya jJ j# 
420 :Sij£Jl oLUj.1 
420 ! j>T j d.1 (IjLoLp ^il 


668 



324 c 137 : J\ LSIj^Ml jJabil 
66 : SJj-^LMl ,jiaLil 
(Karoo- jl^i _ jjLS’ cJjLJl jJaL-o 
238 : Ferrar) 

540 : LSI ji***)l] c-4^-1 j(iaL^ 
69 : a./} a >dI UjJI jjJslx* 
<427 <383 <49 1 16 : LiaiJl jJaldl 
565 <484 <448 


522 <405 :hjy ^' 

28 ! LlUJl L^Ll .>L^?jMl 

39 O J>s 

569 ! <1\j 1 
109-108 :Ub JjP , 
248 : (JOIDES Resolution) L~-j>= 
‘eja^jsj.l <I-J L*. I j-tj I 

588 ; jJl 


616 (.606 (.569 : 

. C-l ./? d 1| ,5^)I.5^_P 


373 ^J.1 

-L_^ o«Ll ^^ * *_l I ^-1—1 a p L_P a 

565 : LJjjJl L^Lk-^Ml jLiML 
! L*JI jUa-aMI Ja_2^Lwa 

273 


250 <57 :(L^jj) 

518 ! a j^obejJl 0^1*-° 
522 ! oj^LlI j^s* j I L^S”jJl ^woLail 
578 1269-264 1198 <.30 : Ij'All 
266 ! <_3LLLl 
598 : j»LJj < Jl* 
588 <444-443 : olk^l L-jL> 
77 : L^-l aSOJI 


<52 <48 <37 <28 : oJL^ll LSLUll 


<498 <133 

<111 

'xl - 

OO 

<79 

-577 <570 

<531 

<528 

<509 

<626 <621 

<589 

OO 

yr\ 

<578 




632 


498 <132 <28 73 ; ;u,jUiJ| iSOuil 

531 \j~ 0 \sH\ 1 34-33 <25 <16 _« 





597 ! y* 

< 165 

< 137 

< 135 

< 129 

<118 




37 ! 

<297 

<207 

< 191 

< 185 

< 172 




54 ; jJail oL>= 

618 <603 <557 

<318 

<310 

-242 

<222 < 

212 

<26 <19 : jLlJ.1 

254 < 

93 <86 

<79 : 

^U.1 

-367 

<337- 

-335 

<275 <243 

< 152 

<137 < 

34 :LJlj^ 

Ml jiLil 

<439- 

-438 

<430 

<370 <368 

<262 

<241 

<226 

< 182 

< 157 

<539 

<525- 

-524 

<484 <481 

<356 

<324 

<309 

<306 

<266 

-559 

<557 

<547 <542-541 

<479 

<464 

<462 

<448 

<429 



624 <619 <563 

<549 

<497 

<484- 

-483 

<481 


602 . djj\ 0 js>- l 




610 

<554 


669 



107 c 80 ^ J\ j+ 

179 ;(LJLjil) 


535-534 <295 : 


91 c 83 <76 172 <48 : ^ 


179 c115 


95 :(Uj>Jl5) /jj ^ 


600 

314 <244 c 155 <.138 <17 : iljldl 


147 <71 <20-19 


287 <275 <205 <160 <155 
480 <433 <367 <337-336 

547 <543 <541 <483 


155 :jsyi 

142-141 : 

585 ; ^ j-o 

100 <98 <88 <73 <67 : IjjJLJjjJ 
287 <280 <252 <244 <109 
439 <377 <349 <333 <302 


_ j> _ 

576 <28 < La 

242 <182 <113 <71 : ol_^_$L$Jl 
523-522 <451 <330 

167 : .1 <jxJLxa 

599 ! < *Xa 

167 ! j»LJj 1 
390 ; <JLwaA 
180-179 <92 <76 ijlkoVl J^La 

633 

167 


317 <304 : t j-j jJl-o < 


- 0 - 


278 ! oljjiL 

-242 <225 <17 : JsL-LjJI 

-300 <284 <281 <276 <243 
<469 <433 <348 <304 <302 
523-522 <519 <471 
170 ! .JaXx^qi^LLjJl 

<75 <45 <34 <16 : ^^iJl isLiJl 

-139 <118-117 <100 <98 <79 
<153-152 <150-147 <140 

-169 <165-164 <158-156 

<182-178 <176-174 <172 

<193 <191-189 <187-184 

<308 <306-304 <248 <195 

<472 <468 <455 <345 <314 
<556 <549 <541 <523 <510 
629 <588 


303 <243 : oUiil 
226 ! ® J&j 

\ <L^>c_L j <_ a . /o ’> o 1 4_> j la > 

226 


304 : JIjxa^I 

226 ; jJjdl <u J&j 

226 ! JUJl j*>Ul 4jjiaj 

614 <563 <561-559 : ^Sfl J^Jl 
433 : jjjLoSfl ^ 
<266 <110 : (I^jlLsxJI) j_o_>LJl ^ 

400 



(LJL jj\ c^L*_^oL)LS"Lo 

187 c 109 c92 c79 

75 Jl i^jIj 

270 : ^jiJ! < 


110 ! jjJJ 

36 ; ^j^S” 

1243-242 <222 : jUU.1 oljJL-^a 
562 <439-438 


105 ! Jio jjLjJI c-\jj 
84 < 82 ; tl)j^-UaJl s-Lj 

112 : 1 j£}\ t-hj 

127 : jjl ji\ < oL-pj 

429-428 1386 : 

556 < 554-550 < 542-539 

622 c585 c582-581 <.561 

(NASA) I *LA-iJl 5Jldj 

249 < 172 < 156 < 133-132 

167 !<_aJijj << aJj 

188 < 158 < 155 jJl 

460 ! JJ 

574 : <>i 

579 ! <j!jj 

- (# - 

431 <277 <212 : SjU-l ^_,LjJI 
561 <442 <432 


474-473 

138 : (He 3 ) 3 pJi^l 
J 4 J_jjJl j_SdM 4«. ^ S' 

<35-27 <18 :(IPCC)^1_dl 


< 127 

< 124-123 

00 

1 

(N 

-153 

<150 <136 

< 132-129 

<272 

<256-254 

<162 <154 

<412 

<409 <386 

<378 <276 

1 

Os 

m 

^f- 

■438 <432 

<417-415 

<483 

<481-478 

<468 <462 

-505 

<497-496 

<488-486 

<536 

<512-510 

<508 <506 

-550 

<548-546 

<540 <538 

<573- 

•570 <564 

<558 <555 

<589- 

■585 <583 

<578 <576 

-617 

<613 <603 

-602 <593 

<634 

<629-624 

<622 <620 



638-636 


- J - 


217 <65 : pJl jjJI 


73 ! (jd™S'lj <—(_gilj 


671 





j$\ + f\ q mil 

: JjlJLkVf 




( 3 . 11 ) 


^ C l . 1 1 i)j3« V 4^3>^J S I i..l <» tl A . 1 A p /■** * 

<4- (jjo^jl 1_4_J! ^-1 "l *» J ~ tl !~>l i I rt~l tl 

iXjLUI 2J$ ij-aJU J-2-jj J- y k ' t lj < *•> -* I t l 

v^' 

<jL 4 jljLuJI 2 j if /> j.<1 1 i~*i 1 "X1I ^<3 l>._L> 
jl^jo-l 2 *y j"i ^jjl£ ^i-LLa jJuu »_jjJL 2 j jjIsjVI 

Jol <iiill o-a ^jLjJl CO2 jLc- 4 11 tu 

£_ I ^uj 4j ^ 4 J ^ jJl ^LJtl a" 1 £)l jX^JJ *m!I 
^jJlsJI J^2jJI £— Sjlj^eJl luLkjJ jjlj t^JjLiJl 
j ,j«~ (jl .jx. ^£Jua ^jLi» Cunjl 

^.u - a ^ Jlj * OjJ*\ I £y» £j!sj 4$jjej ^LUl 

Joljj«JLI iIiljLuj jljua <4- iliLjkJJ lxIIj 

4 . CO2 4fi Vj (^jLd^oJl CjLujjSjj 

4_La j I <4- CO? ^ j)~ ■■■ ^ jjl ^Jl Liajl i_jbSJI jj 

>*11 j £_aj t^LscJl *1 j)* ^ ^a I <L5 jLuj 
J lill 4_lLstJ Ij^xa 1 *tjU Jlsej V t «Liixj .j-UI 
CjLuLxuiJ iIPCC J 3J.Tr*lI ^a VI l^ajiVi 
J^o l V I j 1 o J •> " 11 lIjLjVjJIj a J *» " 11 i£UJl 
OX JO*** cr 1 ! 

.2jjl^HjVlj 2 ... i_. ,„H j*Jj > SjrtjrtTr II ^ylxjJI JoLuJJl 

4 j -w jJj j •> 11 jkj 1 a 11 «L_ j LLu I : j a j l i jbJ 

(ju If* ,<a ( I J 11 -y I ) (jjj) 1 l 2 a aLv >4- 

0 0 

j^ljoeJl o-A IJJX. 1 j-w.j II a.jlf 

j-JjLi 1 J 4 ll» ~ 4 ~ 1 ; tj a o_A .2 \J s A 7> ~ 11 

. l‘-—> 

(j_a .pixv^JLaj «±< -wLj. 4 • II jObl 4 JJl il if 
4_Ja_^JJl 4_jI _l_i <4- ^l»Lcj « U H 2 jjj» :4jLa_>.jJj 
4—lo j 2 wj ttfjl 2, Ijl : 1 X lj,.flj_jaljj)> i«4_j_)jjjVI 
.tt^^ajuil ilijVlj 





: v l^JI 



,> illill v liJ! (») 






oLXI .1 
jlollj JjJbll -2 
alj4_<4r>jJLJl .3 
jjuil .4 
4j£jjxJl 4 a ifllH .5 

iIiLa^ldLftlt 4 i i2il .6 

kZjLjjJi^ajyi .7 

CibjJiiJlj 
jl jOaIIj aLiaiJl .8 

ttUoIi .9 

4^141*11 4l^aJl .10 

.11 




4 0 *vj«ll dju>Ail 4 0 k; 0 ll 



j ijoI 1 1 if tilioJ ft'i 1 •'ft 
KACST g.uniJq foqicJJ 


9 










